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PAPER  BAGS  FOR  AERIAL  WATER  BOMBING  OF 

FOREST  FIRES 

A.  P.  Leslie  and  J.  D.  Nichols 
Division  of  Research,  Ontario  Department  of  Lands  and  Forests 

The  Ontario  Department  of  Lands  and  Forests  became  suffi- 
ciently interested  in  the  possibility  of  forest  fire  suppression  by 
bags  of  water  dropped  from  aircraft  to  conduct  field  tests  in  the 
Sault  Ste.  Marie  district  in  1949.  This  form  of  attack  showed 
definite  merit  and  was  developed  into  an  efficient  aid  in  fire  sup- 
pression operations. 

Water  bombing  of  forest  fires  is  selective  and  the  effectiveness 
is  limited,  but  it  is  felt  that  this  practice  can  play  an  important 
part  in  the  suppression  of  forest  fires  and  will  continue  to  do  so 
until  such  time  as  helicopters  are  readily  available. 

This  attack  is  primarily  intended  to  retard  the  rate  of  spread 
of  small  forest  fires  in  situations  that  are  difficult  to  reach  on  the 
ground.  Under  such  conditions  it  may  slow  down  the  fire  until 
suppression  crews  reach  the  area.  The  method  has  been  found 
effective  also  in  assisting  fire  fighting  crews  in  bringing  portions 
of  the  fire  edge  of  large  fires  under  control  and  has  proved  quite 
good  on  these  fires  during  the  early  hours  of  the  morning.  Assist- 
ance to  the  suppression  crew  is  carried  out  through  the  medium 
of  air-to-ground  and  ground-to-air  communication  and  care  is 
taken  that  no  bombs  are  dropped  until  the  suppression  crew  has 
retired  from  the  target  area. 

The  water  bombing  of  small,  inaccessible  fires  generally  follows 
a  set  pattern.  The  aircraft  lands  on  the  nearest  water,  two  smoke- 
chasers  are  dispatched  to  the  fire,  a  third  man  is  kept  to  assist 
the  pilot  in  the  water  bombing  operation.  The  water  bombing 
equipment  is  installed,  17  to  24  bombs  are  filled  with  water,  and 
the  bombing  begun.  Bombs  are  dropped  in  salvos  of  up  to  eight 
per  salvo. 

The  water  bombing  equipment  used  in  the  standard  De  Havil- 
land  Beaver  aircraft  of  the  Department  consists  of  conveyer, 
camera  hole  fixture,  water  bombs,  and  pail  for  filling  water  bombs. 
Description  of  this  equipment  and  procedure  followed  during 
bombing  operations  is  available  in  a  technical  bulletin.  Aerial 
Water  Bombing  Instructions,  issued  by  the  Ontario  Department 
of  Lands  and  Forests. 

The  water  container  bag  or  ''water  bomb"  is  manufactured 
to  Department  of  Lands  and  Forests  specifications,  as  illustrated 
in  the  accompanying  diagrams,  by  a  specialty  firm  who  assisted 
and  worked  with  the  Department  on  the  development  of  this  bag. 
Fifty-  and  sixty-pound  wet  strength  Kraft  papers,  plasticized  and 
coated  with  a  self-seal  adhesive  compound  are  used  in  the  manu- 
facture of  the  water  container  bag.  The  properties  of  the  adhesive 
compound  make  the  bag  waterproof  and  supply  a  quick  and 
efficient  method  of  sealing. 
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Diagram  1 


PAPER  STOCK  USED  FOR  INNER  BAG. 
ONE  SIDE  TREATED  WITH  LATEX. 


/    A 

/ 

Folding 
Stand 

Diap:ram  IV 


DIAGRAM  ff\     FOR  SECOND  PLY 


TREATED  SIDE  DOWN 
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PLV  ON  FOLD!N' 
S  IDE  DOWN. 


Diagram  VII 


CARDSOAOD  BASE 
INSERTED 


FOLD  SURFACE  LATEX 
TO  SURFACE  LATEX 
INSIDE. 


Diagram  VIII 


WAX  PAPER  INSERTED  BEFORE  FOLDING 
TO  KEEP  ONE  SIDE  OPEN  FOR  FILLING. 
ALSO  TO  KEEP  BAGS  FROM  STICKING 
TOGETHER  *HEN  STACKED  IN  PILE. 


LING  FLAP 
JCK  TO  BAG 


ram  VI 

EDGE  REVEALED  TO  HOLD 
NG  STRIP.  ALSO  TO  FORM 
WHEN  8AG  IS  FILLED.. 


Diagram  DC 


SEALING  FLAP, 
LATEX  SIDE 


CARDBOARD  BASE 


Diagram  X 


\^THIS  END  LEFT  OLT 
FOR  FINAL  SEAL 


SEALING  FLAP  IS  PULLED 
OVER  AND  SECURED  AFTER 
BAG  HAS  BEEN  FILLED. 
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On  the  top  7  inches  of  the  bag,  the  sealing  compound  is  on  the 
inside  of  the  paper  and  forms  the  watertight  seal  when  closed. 
This  seal  is  prevented  from  sticking  before  use  by  the  insertion 
of  a  piece  of  waxed  paper  that  is  removed  and  thrown  away  when 
the  bag  is  filled.  The  compound  is  between  the  two  layers  of  paper 
on  the  rest  of  the  bag  which  is  the  container  section. 

To  give  rigidity  when  filled,  a  piece  of  treated  cardboard  is 
held  to  the  base  of  the  bag  by  the  sealing  flap  as  shown  on  the 
accompanying  diagrams.  Correct  folding  of  the  outer  ply  of  paper 
forms  a  sealing  strip  on  the  side  opposite  the  flap  side. 

When  the  bag  is  filled  with  water  the  top  section  is  sealed  and 
folded  down  onto  the  top  of  the  container  section  and  held  in  this 
position  by  attaching  the  sealing  flap  to  the  sealing  strip.  Filled 
and  sealed  correctly  the  bag  roughly  resembles  a  cube.  Specifica- 
tion details  are  as  follows : 

Paper  ..Kraft,  wet  strength. 

Inner  ply 60-pound. 

Outer  ply 50-pound. 

Self-seal  compound Latex. 

Dimension  of  base  of  bag- inches 9  x  9 

Dimension  of  cardboard do 9  x  11 

Height  of  bag do 18 

Width  of  mouth  opening do 9 

Width  of  sealing  flap do 7 

Width  of  sealing  strip do 4 

Dimension  of  bag  when  filled do 11  x  11  x  11 

Capacity  of  bag gallons 3.5 

^  ^  i!^ 

Fire  Finder  Maps :  Protected,  Yet  Kept  Up-to-Date 

Most  methods  of  protecting  the  maps  on  top  of  fire  finders  require 
coating  with  transparent  liquids  or  impregnation  as  in  the  Lamacoid  process. 
The  disadvantage  is  that  once  the  map  is  treated  no  changes  can  be  made 
either  in  the  road  locations  or  in  the  ownership  status.  To  overcome  this 
disadvantage  we  have  used  the  following  method.  It  is  cheap,  easy  to  use, 
not  messy.  Changes  can  be  made  on  the  base  map  as  often  as  needed. 

The  untreated  base  map,  after  it  has  been  mounted  on  the  map  plate, 
is  covered  with  a  sheet  of  heavy  glass  called  "crystal  sheet"  in  the  glass 
trade.  This  is  almost  as  heavy  as  plate  glass,  but  much  cheaper;  a  20-inch 
circular  piece  costs  $4.65  at  today's  prices.  The  untreated  map  is  mounted  on 
the  circular,  removable  base  of  the  Osborne  fire  finder  with  rubber  cement. 
We  remove  the  center  pin  used  to  center  the  map  in  order  to  eliminate  the 
need  for  having  a  hole  bored  in  the  glass.  The  map  is  oriented  in  the  usual 
manner,  and  the  screws  tightened  down.  Then  the  piece  of  crystal  sheet  glass 
is  placed  over  the  map.  This  protects  the  map  yet  may  be  readily  removed 
so  that  changes  can  be  made. — A.  J.  Quinkert,  District  Ranger,  Wayne- 
Hoosier  National  Forest. 


PROSPECTS  OF  EXTINGUISHING  FIRES  FROM 

THE  AIR 

A.  A.  Brown 

Chief,  Division  of  Forest  Fire  Research,  U.  S.  Forest  Service 

Aircraft  have  participated  in  varying  degrees  in  forest  fire 
fighting  since  1919.  At  first,  use  was  limited  to  detection  or  verifi- 
cation of  the  existence  and  location  of  small  fires  and  to  aerial 
reconnaissance  of  large  going  fires. 

We  did  some  experimenting  in  the  late  thirties  on  the  possible 
effectiveness  of  spraying  or  bombing  fires  with  water  and  other 
extinguishers.  We  found  at  that  time  that  free  liquids  released 
from  a  plane  dissipated  so  rapidly  in  the  air  that  very  low  flying 
would  be  required.  Mountainous  terrain,  turbulent  air,  and  poor 
visibility  due  to  smoke  ruled  this  method  out  at  the  time.  Pre- 
liminary tests  of  water  bombing  showed  some  promise,  but  the 
low  capacity  of  planes  available  and  the  lack  of  suitable  facilities 
discouraged  operational  use. 

However,  experimental  and  other  test  w^ork  at  this  time  demon- 
strated the  feasibility  of  delivering  men  and  equipment  close  to 
a  fire  in  roadless  country  by  parachute.  Intensive  work  was  done 
in  developing  suitable  parachute  equipment  and  methods  that 
could  reduce  safety  hazards  of  such  an  operation  and  that  could 
make  it  a  feasible  substitute  for  numerous  but  widely  dissemi- 
nated, seasoned  ground  fire  fighting  forces.  This  was  accomplished 
in  1940  to  a  degree  that  '^smokejumpers"  and  aircraft  became  a 
regular  part  of  the  forest  fire  fighting  organization  for  the  large 
blocks  of  roadless  forest  country  that  exist  in  parts  of  Idaho, 
Montana,  Washington,  Oregon,  northern  California,  and  New 
Mexico.  The  complete  story  of  smokejumping  is  separately  avail- 
able. 

Further  development  of  aerial  methods  of  detecting  fires  has 
also  taken  place  and  the  substitution  or  supplementing  of  fixed 
lookout  systems  by  regular  patrol  from  the  air  has  proved  its 
value,  particularly  where  lighting  fires  are  prevalent  and  forest 
fuels  are  relatively  slow  burning. 

These  uses  of  airplanes  are  successful  and  are  now  well  estab- 
lished. In  addition,  small  helicopters  have  come  in  for  increasing 
use  for  shuttle  service  on  large  fires.  Their  ability  to  move  key 
men  or  critically  needed  equipment  up  a  mountain  slope  or  across 
rugged  terrain  in  minutes  compared  to  hours,  and  their  ability 
to  land  in  a  small,  hastily  prepared  spot  are  such  valuable  assets, 
that  high  cost  of  such  service,  limited  carrying  capacity,  and  their 
inability  to  carry  sizeable  loads  when  operating  from  landing  spots 
at  high  elevations,  have  not  prevented  fire  agencies  from  taking 
advantage  of  their  capabilities.  But  these  uses  are  primarily  a 
matter  of  aerial  transportation.  The  attractive  possibilities  of 
utilizing  helicopters  and  fixed-wing  airplanes  to  fight  fires  directly 
have  not  developed  very  far  to  date. 
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In  1947  a  renewed  effort  was  made  to  develop  aerial  bombing* 
of  forest  fires  as  a  joint  project  with  the  Air  Force.  The  purpose 
was  to  test  the  effectiveness  of  such  methods  and  to  develop  equip- 
ment and  technics  adaptable  to  military  planes  and  operations. 
Good  results  were  obtained  on  small  fires  with  large  water  bombs 
exploded  at  treetop  heights  dropped  from  B-29's  and  modified 
wing  tip  tanks  dropped  from  P-47's  by  skip  or  dive  bombing  tech- 
nics. In  typical  forest  fuels,  fires  of  14  acre  or  less  were  never 
fully  extinguished  but  the  spread  was  stopped  and  burning  was 
held  down  to  a  point  where  there  was  ample  time  for  a  small 
ground  crew  to  get  to  the  fire  in  an  inaccessible  location  to  com- 
plete the  job.  The  effect  on  large  fires  was  less  encouraging  with 
the  methods  used. 

In  1948  the  propeller  drive  fighter  bomber  aircraft  used  suc- 
cessfully in  bombing  small  fires  became  obsolete  for  military 
purposes.  At  that  time  new  jet  type  fighters  were  not  believed 
suitable  for  such  missions  in  mountainous  areas.  Because  of 
priority  of  military  requirements  it  was  not  considered  practical 
for  the  Air  Force  to  commit  a  fleet  of  bombers  with  crews  in  the 
degree  of  readiness  necessary  for  further  tests  on  an  operational 
basis.  For  such  reasons,  the  Air  Force  withdrew  from  the  experi- 
ments leaving  many  questions  unanswered. 

Since  that  time  many  economic  and  technological  changes  have 
occurred  that  justify  a  new  look  at  all  possibilities.  Timber  and 
watershed  values  and  cost  of  fire  protection  by  ground  methods 
have  increased  enormously.  The  cost  of  aerial  operations  has  not 
increased  in  the  same  proportion.  Similarly,  plain  water  delivered 
through  a  nozzle  onto  a  going  fire  is  no  longer  '"cheap."  So  new" 
'^expensive"  additives  that  can  increase  its  extinguishing  power 
might  pay  off  handsomely.  The  capabilities  of  aircraft  have  been 
enhanced  and  the  tactical  and  strategic  measures  that  they  might 
carry  out  successfully  need  not  be  confined  to  bombing. 

If  dropped  in  sufficient  mass,  water  can  be  delivered  in  an 
effective  pattern  from  much  higher  flight  levels  than  we  have 
previously  believed  possible.  Plastic  or  paper  envelopes  might 
serve  in  other  situations  and  large  carrying  capacities  might 
offset  to  a  considerable  degree  what  has  formerly  been  regarded 
as  a  prohibitive  cost  of  transporting  water  in  the  volumes  neces- 
sary to  have  a  definite  effect  on  a  fast-burning  fire  front.  Usually, 
it  would  be  necessary  to  apply  14  to  %  inch  of  water  per  unit  area 
to  most  of  the  burning  area  to  have  much  effect. 

If  a  standard  of  this  order  is  assumed,  the  prospects  of  directly 
extinguishing  a  large  fire  that  has  assumed  conflagration  propor- 
tions appear  quite  remote.  An  airplane  with  a  2,500-gallon  load 
of  water  or  liquid  extinguisher  might  accomplish  it  for  an  area 
of  only  a  half  acre  or  less.  Larger  capacities  such  as  possessed 
by  the  C-74  or  C-124  would  increase  the  possible  area  of  coverage. 
But  it  is  apparent  that  a  prohibitively  large  fleet  would  be  neces- 
sary to  have  a  positive  extinguishing  effect  on  a  large  fast-moving 
fire  of  several  thousand  acres.  Such  a  fire  sets  up  violent  convection 
currents  which  also  create  dangerous  hazards  to  aircraft.  For 
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these  reasons  even  large  capacity  for  carrying  extinguishers  does 
not  offer  a  ready  solution  to  such  situations. 

In  spite  of  such  limitations,  there  are  critical  situations  in  the 
early  spread  of  every  fire  when  extinguishing  action  at  the  right 
time  and  place  on  only  a  portion  of  its  perimeter  would  insure 
prompt  control  of  the  fire  at  great  savings  in  damage  and  fire 
fighting  costs.  Too  often  such  action  is  beyond  the  resources  of 
ground  fire  fighting  forces  in  rugged  terrain. 

It  is  for  these  reasons  that  even  limited  but  timely  action  from 
the  air  offers  attractive  possibilities.  To  realize  such  possibilities 
in  emergency  operations,  we  believe  a  systematic  research  and 
development  program,  including  a  series  of  extinguishment  tests, 
will  be  necessary.  So  far  personnel  and  facilities  available  for  such 
purposes  have  been  too  limited  to  enable  a  satisfactory  rate  of 
progress. 

In  1953  disastrous  fires  in  southern  California  focused  atten- 
tion again  on  the  need  to  develop  new  and  better  methods  of 
reducing  the  disastrous  losses  inflicted  by  runaway  fires.  All  fire 
agencies  in  that  area  volunteered  help  in  organizing  a  project  to 
test  out  a  number  of  unconventional  methods  and  ideas.  Since 
defense  against  such  fires  is  also  a  grave  problem  in  civil  defense, 
the  Federal  Civil  Defense  Administration  gave  sponsorship  and 
six  branches  of  the  Department  of  Defense  gave  assistance  in 
various  ways.  With  this  remarkable  pooling  of  resources  and 
interest,  an  ambitious  and  highly  successful  one-year  exploratory 
project,  known  as  Operation  Firestop,  combining  field  and  labora- 
tory tests  was  carried  out. 

They  demonstrated  that  new  chemical  retardants  have  possi- 
bilities of  effective  application  from  the  air,  that  water  in  suffi- 
cient volume,  can  be  released  suddenly  from  a  modified  torpedo 
bomber  and  delivered  on  a  fire  with  considerable  accuracy  without 
undue  loss  in  the  air,  that  small  helicopters  have  many  tactical 
possibilities  for  laying  hose,  and  for  first-aid  action  in  fire  fighting 
that  have  not  been  exploited,  and  that  large  helicopters  can  deliver 
men  and  fire  pumps  with  water  to  any  part  of  a  fire  in  rugged 
topography  at  will  and  can  apply  water  to  a  fire  at  close  range. 

This  has  been  a  fine  start.  Of  necessity  Firestop  had  to  be 
largely  exploratory.  Few  of  the  new  things  tried  could  be  devel- 
oped to  a  point  where  they  could  be  applied  directly  by  fire 
agencies.  Much  further  research  and  development  is  needed.  It 
will  be  costly.  It  calls  for  a  much  stronger  research  staff  than  has 
so  far  been  available  to  the  Forest  Service.  But  there  is  so  much 
loss  and  human  suffering  at  stake  and  the  problem  is  so  important 
to  wartime  defense  that  many  are  optimistic  that  ways  will  be 
found  to  solve  the  many  problems  that  still  exist  in  making  fire 
fighting  from  the  air-  a  new  stage  in  the  progress  of  forest  fire 
control. 

The  prospects  of  extinguishing  a  fully  developed  conflagration 
from  the  air  are  still  not  encouraging.  But  there  are  excellent 
prospects  of  preventing  such  a  conflagration  from  developing  by 
early  aerial  action.  The  prime  advantage  of  aircraft  is  in  their 
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capability  for  speed  and  for  access,  which  can  increase  success 
in  taking  action  at  the  right  time  and  right  place.  Inability  to  do 
so  at  critical  times  is  the  major  handicap  of  ground  forces  under 
conditions  of  heavy  cover  and  rugged  terrain.  Much  may  be  accom- 
plished by  ''first  aid"  from  the  air  at  the  moment  a  fire  is  on  the 
point  of  escaping  from  ground  forces. 

The  many  small  but  timely  actions  that  might  be  taken  directly 
from  the  air  to  help  the  fire  fighter  on  the  ground  to  win  more 
victories  can  be  summed  up  in  military  terms  as  giving  close  aerial 
support  to  ground  fire  fighting.  Most  forest  fire  fighting  agencies 
agree  that  a  full  program  of  research  to  develop  aids  in  this  way 
and  to  develop  new  methods  is  very  much  needed. 

^  i:^  f: 

Published  Material  of  Interest  to  Fire  Control  Men 

Camukr.^  Conservation  Caboose,  by  Frank  A.  Tinker.  Nature  Mag'.  48:  146- 
148,  illus.  1955. 

Area  Ignition  for  Brush  Burning,  by  R.  L,  Fenner,  R.  K.  Arnold,  and  C.  C. 
Buck.  U.  S.  Forest  Serv.  Calif.  Forest  and  Range  Expt.  Sta.  Tech.  Paper 
10,  10  pp.  1955.  [Processed.] 

Parachute  Test  and  Inspection  Procedures,  by  Aerial  Equipment  Development 
Center.  U.  S.  Forest  Serv.  Equip.  Dvlpmt.  Rpt.  29,  [31]  pp.,  illus.  1955. 
[Processed.] 

Method  of  Packaging  Aerial  Cargo,  by  Aerial  Equipment  Development  Center. 
U.  S.  Forest  Serv.  Equip.  Dvlpmt.  Rpt.  31  [10]  pp.,  illus.  1955.  [Processed.] 

Backfiring  Projectiles,  by  Arcadia  Equipment  Development  Center.  U.  S. 
Forest 'Serv.  Equip.  Dvlpmt.  Rpt.  32,  12  pp.,  illus.  1955.   [Processed.] 

Fireline  Plow  Perfo7^mance  [Southern  region],  by  U.  S.  Forest  Service.  U.  S. 
Forest  Serv.  Equip.  Dvlpmt.  Rpt.  33,  54  pp.,  illus.  1955.   [Processed.] 

The  Use  of  Glass-Filament  Tape  in  Aerial-Cargo  Packaging,  by  Aerial  Equip- 
ment Development  Center.  U.  S.  Forest  Serv.  Equip.  Dvlpmt.  Rpt.  36,  3  pp., 
illus.  1955.  [Processed.] 

A  Fire  Hose  Dispensing  Tray  for  Helicopters,  by  Arcadia  Equipment  Devel- 
opment Center.  U.  S.  Forest  Serv.  Equip.  Dvlpmt.  Rpt.  37,  8  pp.,  illus.  1955. 
[Processed.] 

Improved  Shoulder  Harness  for  Light  Aircraft,  by  Aerial  Equipment  Develop- 
ment Center.  U,  S.  Forest  Serv.  Equip.  Dvlpmt.  Rpt.  38,  [12]  pp.,  illus. 
1955,   [Processed.] 


METEOROLOGICAL  PROBLEMS  ASSOCIATED 
WITH  MASS  FIRES 

DeVer  Colson 
U.  S.  Weather  Bureau 

Weather  plays  an  important  role  in  the  behavior  of  mass  fires. 
The  knowledge  and  understanding  of  the  meteorological  conditions 
existing  prior  to  and  during  these  fires  are  essential  for  efficient 
fire  fighting  and  control  in  both  urban  and  rural  situations.  Ordi- 
nary fires  or  even  large  fires  which  are  burning  and  spreading  in 
a  regular  manner  do  not  present  the  major  control  problems. 
Serious  situations  often  develop  when  what  seems  to  be  a  routine 
fire  suddenly  intensifies  oi*  begins  to  spread  at  a  greatly  increased 
rate  or  changes  its  direction  of  spread  abruptly.  In  forestry  par- 
lance, the  term  '*blow-up"  or  "explosive"  has  been  applied  to  such 
forest  fires  since  these  fires  often  seem  to  explode.  However,  many 
fires  have  been  designated  as  *'blow-ups"  simply  because  of  a  lack 
of  understanding  of  the  factors  controlling  the  behavior  of  these 
fires. 

There  is  much  to  be  learned  both  in  identifying  these  factors 
and  in  forecasting  the  occurrence  of  these  factors.  Some  of  the 
possible  meteorological  factors  will  be  discussed  briefly  in  this 
paper. 

General  burning  condition.^. — Most  serious  fires  occur  with 
extremely  low  fuel  moisture  caused  by  severe  or  extended  drought 
conditions.  These  conditions  are  usually  combined  with  high  sur- 
face temperatures  and  low  relative  humidities  and  often  with 
strong  surface  winds. 

One  notable  example  involved  the  famous  Chicago  fire  on 
October  8,  1871,  and  the  associated  fires  in  Wisconsin  and  Michi- 
gan on  the  same  day  which  burned  over  1,000,000  acres,  including 
the  entire  town  of  Peshtigo  where  over  600  lives  were  lost. 
Weather  data  indicate  extreme  dryness  and  strong  winds  on  that 
date.  On  days  with  less  hazardous  burning  conditions,  these  fires 
might  w^ell  have  been  controlled  before  they  had  reached  such 
disastrous  proportions. 

In  the  preparation  and  planning  for  the  fire  bombing  raids 
over  the  Tokyo  area,  weather  conditions  were  studied  in  connection 
with  brush  fires  in  North  Carolina,  a  region  climatically  similar 
to  the  Tokyo  area.  The  following  factors  were  used :  precipitation, 
relative  humidity,  and  maximum  wind  speed.  The  maximum  wind 
speed  on  the  day  of  the  fire  was  used  while  the  precipitation  and 
relative  humidity  were  weighted  over  the  day  of  the  fire  and  the 
three  previous  days.  These  same  factors  are  used  directly  or  in- 
directly in  most  current  fire  danger  rating  systems. 

Surface  wind  patterns. — The  details  of  the  surface  wind  pat- 
terns are  necessary  for  efi^icient  fire  fighting  operations.  These 
details  would  include :  the  actual  local  surface  wind  patterns ;  the 
diurnal  variations  in  these  patterns ;  and  the  dependence  of  these 
local  patterns  and  their  diurnal  variations  on  the  surface  pressure 
patterns  as  well  as  frontal  and  storm  passages,  the  upper  level 
weather  patterns,  atmospheric  stability,  wind  and  temperature 
profiles,  and  topography. 
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A  knowledge  of  the  local  wind  patterns  and  their  variations  is 
even  more  essential  in  areas  of  rugged  terrain.  In  these  areas, 
there  are  the  additional  effects  of  general  drainage  patterns 
(mountain  and  valley  winds)  and  the  diurnal  up-  and  downslope 
winds  due  to  the  differential  heating  of  the  slopes.  The  relative 
influences  of  all  these  factors  vary  greatly  with  the  ruggedness 
of  the  terrain. 

Two  local  wind  surveys  have  been  conducted,  one  by  the  U.  S. 
Weather  Bureau  in  1949-52  at  Oak  Ridge,  Tenn.,  and  the  other  by 
Operation  Firestop  in  1954  at  Camp  Pendleton,  Calif.  Unfortu- 
nately, much  of  the  data  from  these  surveys  cannot  be  applied  to 
other  areas  because  of  the  influences  of  the  local  terrain  and 
weather  conditions.  However,  as  data  from  additional  surveys  are 
accumulated,  more  and  more  generalizations  can  be  made  that 
can  be  applied  to  other  areas.  Such  wind  studies  are  important 
in  air  pollution  and  smog  control. 

It  is  the  unusual  cases  that  cause  the  most  trouble.  Some  recent 
cases  are  the  1949  Mann  Gulch  in  Montana  and  the  1953  Rattle- 
snake and  1954  Sierra  City  fires  in  California.  At  each  of  these 
fires,  fire  fighters  lost  their  lives  when  the  fire  spread  rapidly  in 
an  unusual  and  unexpected  manner.  In  the  Mann  Gulch  fire,  the 
unusual  currents  may  have  been  due  to  the  strong  surface  winds 
resulting  from  descending  currents  from  the  high  level  thunder- 
storms in  that  area.  In  the  other  two  cases,  the  rapid  spread  of 
the  fire  may  have  been  due  to  a  combination  of  the  normal  night 
downslope  air  drainage  acting  simultaneously  with  a  pressure 
gradient  across  and  through  the  passes.  As  more  is  learned  about 
these  wind  patterns,  more  of  these  unusual  fires  and  their  be- 
havior patterns  can  be  anticipated. 

Topography. — With  the  proper  pressure  gradient  across  moun- 
tain ridges  and  through  passes,  strong  local  winds  will  be  set  up  as 
the  air  flows  down  the  lee  side.  Examples  of  such  strong  local 
winds  are  the  Santa  Ana  winds  in  southern  California,  the  east 
winds  in  western  Oregon  and  Washington,  and  the  chinook  winds 
on  the  east  slopes  of  the  Rocky  Mountains.  These  winds  have  a 
tremendous  effect  on  fires  since  they  are  associated  with  high 
temperatures  and  low  relative  humidities. 

Upper  level  ivinds. — As  fires  spread  into  the  crowns  of  high 
trees,  a  different  rate  of  spread  can  be  expected  since  the  wind 
speed  and  direction  at  this  level  may  be  quite  different  from  that 
near  the  ground.  Also,  with  burning  buildings,  the  surface  winds 
may  have  little  connection  with  the  fire  spread  at  higher  levels. 
With  convection  currents  carrying  burning  embers  up  into  even 
higher  levels,  the  rate  and  direction  of  the  spread  of  the  fire  due 
to  spotting  may  be  entirely  different  from  that  which  would  be 
expected  from  just  a  knowledge  of  the  surface  winds  alone. 

Turbulence. — In  addition  to  the  actual  local  wind  patterns,  the 
turbulence  or  the  fluctuations  in  both  the  wind  speed  and  the 
direction  must  be  considered.  The  magnitude  and  frequency  of 
these  fluctuations  have  been  found  to  be  closely  associated  with 
the  degree  of  atmospheric  instability.  Also,  the  magnitude  and 
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frequency  of  these  fluctuations  will  be  greater  at  well  exposed 
sites  than  at  well  sheltered  locations.  Mechanical  eddies  and  turbu- 
lence can  be  generated  as  air  flows  across  and  around  sharp 
features  of  terrain  and  buildings. 

Convection. — Under  certain  atmospheric  conditions,  better 
convection  can  be  sustained  which  will  promote  more  efficient 
burning.  These  conditions  are  usually  associated  with  atmospheric 
instability,  that  is,  with  near  or  superadiabatic  temperature  lapse 
rates.  However,  the  convection  column  will  not  attain  great  heights 
if  the  wmd  speed  increases  too  rapidly  with  height.  Too  strong  a 
wind  speed  may  cause  the  column  to  be  broken  away  from  its 
energy  source. 

Temperature  inversions  tend  to  act  as  a  lid  on  free  convection. 
However,  under  these  conditions,  as  the  free  air  temperature 
reaches  a  certain  value  or  as  the  energy  of  the  fire  becomes  great 
enough,  the  convection  can  break  through  the  inversion  and  can 
suddenly  extend  to  much  greater  heights,  especially  if  the  atmos- 
phere is  unstable  above  the  inversion.  When  this  breakthrough 
occurs,  sudden  changes  will  take  place  in  the  fire  behavior  and  the 
spread. 

Much  experimental  and  theoretical  work  is  now  in  progress 
on  the  general  problems  of  turbulence,  diffusion,  convection  and 
allied  problems  at  many  air  pollution  and  micrometeorological 
projects. 

Thunderstorm  and  lightning. — The  high  level  and  often  dry 
thunderstorms  present  a  great  hazard  in  the  Rocky  Mountain 
area  because  of  lightning  fires.  Project  Skyfire  has  been  set  up 
in  the  Northern  Rocky  Mountain  area  to  study  the  origin,  develop- 
ment, structure  and  intensity,  movement,  distribution  of  these 
storms,  and  the  possibility  of  modification  of  these  storms  to 
reduce  the  lightning  hazards. 

Meteorological  phenomena  induced  by  a  large  fire. — Once  a 
fire  develops,  the  original  wind  and  temperature  distribution 
around  and  over  the  fire  will  be  changed.  A  complete  study  of 
this  problem  requires  accurate  and  detailed  data  on  temperature, 
humidity,  wind  speed  and  direction,  and  the  composition  of  the 
gases  in  the  convection  column.  From  these  results,  it  will  be 
possible  to  determine  the  rate  of  transfer  of  heat,  momentum  and 
the  distribution  of  energy  about  the  fire.  In  addition  to  experi- 
mental studies  at  actual  fires,  much  information  has  been  gained 
from  model  studies. 

Strong  indrafts,  usually  referred  to  as  the  firestorm  have  been 
observed  in  the  vicinity  of  some  large  fires  and  may  become  quite 
appreciable  at  times. 

Conclusion. — As  more  is  learned  about  the  meteorological  fac- 
tors as  well  as  a  better  knowledge  of  the  fuel  distribution  and 
efficiency  of  combustion,  fewer  fires  will  be  designated  as  ''blow- 
ups." These  fires  can  be  anticipated  and  their  behavior  patterns 
expected.  However,  a  vast  amount  of  difllicult  experimental  and 
theoretical  work  will  be  necessary  to  accomplish  this  goal. 


FIRE  EXTINGUISHERS,  THEIR  TYPES  AND  USE. 
IV.    FOAM  EXTINGUISHERS 

A.  B.  Everts 

Equipment  Engineer,  Division  of  Fire  Control,  Region  6, 

U.  S.  Forest  Service 

In  appearance  the  foam  hand  extinguisher  resembles  the  soda- 
acid  extinguisher.  It  operates  in  the  same  manner — by  inverting 
the  container  to  mix  the  chemicals,  which  builds  up  pressure  for 
discharging  the  foam. 

Foam  is  essentially  a  Class  B  extinguishing  agent,  but  it  is 
also  effective  on  Class  A  fires.  In  certain  types  of  Class  A  fuels, 
such  as  excelsior,  rags,  overstuffed  furniture,  etc.,  foam  is  not 
apt  to  bring  about  complete  extinguishment  because  it  will  not 
penetrate.  Reignition  will  probably  occur.  It  will  help  to  control, 
but  not  extinguish,  such  fires.  Foam  should  not  be  used  on  Class 
C  fires.^ 

There  are  two  intriguing  characteristics  of  foam:  its  expan- 
sion, and  its  insulating  qualities.  The  21/2-g'allon  foam  extin- 
guisher, which  is  the  one  we  generally  think  of  as  a  hand  extin- 
guisher, will  produce  20-22  gallons  of  foam  with  a  projection  of 
30-35  feet  from  the  discharge  hose.  The  foam  will  cling  to  vertical 
surfaces,  thus  providing  insulation  from  the  flames.  There  are 
instances  of  40-gallon  foam  units  that  have  stopped  the  spread 
of  well-involved  Class  A  fires  by  insulating  adjoining  buildings 
from  the  flames.  The  fire  was  not  controlled,  in  the  general  sense, 
but  it  was  contained. 

The  foam  produced  by  hand  extinguishers  should  not  be  con- 
fused with  the  foam  used  by  the  fire  departments,  oil  refineries, 
and  naval  craft  where  large  volumes  of  foam  are  required.  That 
type  of  foam  is  a  liquid  which  is  mixed  with  the  water  at  the 
rate  of  6  percent.  A  special  type  of  nozzle  is  required.  The  method 
of  generating  foam  in  the  hand  extinguishers,  or  even  the  40- 
gallon  wheeled  type,  is  quite  different. 

The  chemical  charge  contains  two  packets.  One  of  these,  bicar- 
bonate of  soda  and  a  foam  stabilizing  agent,  is  dissolved  in  water 
outside  the  extinguisher  and  then  placed  in  the  outer  compart- 
ment. The  other  charge,  aluminum  sulfate,  is  dissolved  in  water 
and  placed  in  the  inner  shell. 

When  the  extinguisher  is  inverted  the  two  chemicals  mix  and 
the  resultant  reaction  generates  carbon  dioxide  gas.  Unlike  the 
soda-acid  extinguisher,  however,  the  discharge,  because  of  the 
aluminum  sulfate,  is  foam. 


iFor  more  information  on  classes  of  fires  and  types  of  extinguishers  see: 
Fire  Extinguishers,  Their  Types  and  Use.  I.  Carbon  Dioxide  Extiyiguishers 
II.  The  Dry  Chemical  Extinguishers,  and  ///.  Water-type  Extinguishers,  bj 
A.  B.  Everts.  Fire  Control  Notes  15(4):  1-5,  illus.  1954;  16(1)  :  9-12,  illus 
1955;  16(2)  :  24-26,  illus.  1955. 
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Sizes  of  extinguishers. — Hand  extinguishers  are  nearly  always 
of  the  2V2-gallon  size.  Wheeled  "engines"  are  usually  manufac- 
tured in  20-  and  40-gallon  sizes.  Formerly  the  hand  extinguishers 
were  made  of  draw^n  copper.  New  models  are  made  of  stainless 
steel  and  drawn  brass  and  are  tested  to  500  pounds'  pressure. 

How  to  use  the  extinguisher. — Carry 
the  extinguisher  to  the  fire.  Upend  it  to 
start  the  chemical  reaction.  For  Class 
A  fires  direct  the  stream  at  the  burning- 
material  or  coat  the  burning  surface. 

Because  of  the  insulating  character- 
istics of  foam  the  extinguisher  is  a 
good  one  to  use  along  with  a  typical 
Class  A  extinguisher — soda  acid  or 
loaded  stream.  While  one  operator  ap- 
plies w^ater  directly  on  the  fire,  a  second 
operator  can  insulate  the  adjacent  ma- 
terial by  the  application  of  foam. 

On  Class  B  fires  the  method  of  ap- 
plication varies :  on  gasoline  or  oil 
spills  the  foam  is  applied  direct;  but 
on  fires  in  open  vats  or  tanks  the  best 
method  of  application  is  to  direct  the 
foam  stream  against  the  inside  w^all  of 
the  vat  or  tank  just  above  the  burning 
surface,  so  as  to  permit  the  foam  to 
spread  back  over  the  burning  liquid. 
Extinguishment  is  by  smothering. 

Maintenance. — Foam  extinguishers 
should  be  recharged  annually.  All  parts 
should  be  w^ashed  thoroughly  with 
water.  Check  to  make  certain  that  the 
hose  is  not  clogged.  Commercial  re- 
charges cost  about  $2.50,  if  done  in  a 
dealer's  plant,  but  the  recharge  chemi- 
cals can  be  purchased  for  about  50 
cents.  If  you  do  your  own  recharging, 
mix  the  chemicals  in  accordance  with 
the  instructions  on  the  packages. 

WARNING:  "Do    not    use    antifreeze 
ingredients  in  a  foam  extinguisher.   To  do  so  will   reduce  the 
effectiveness  of  the  discharge  and  may  result  in  internal  corro- 
sion which  will  make  the  extinguisher  dangerous  to  use. 

Foam  extinguishers  need  to  be  protected  from  freezing. 

Summary. — Foam-extinguishers  (a)  should  be  used  on  Class 
B  fires,  secondary  on  Class  A  fires;  (b)  need  annual  recharging 
at  a  commercial  cost  of  $2.50  or  a  do-it-yourself  cost  of  50  cents; 
(c)  cost  around  $30  (charged)  ;  (d)  have  length  of  discharge 
stream  of  30-35  feet;  (e)  produce  20  gallons  of  foam;  (f)  will 
freeze  (Note:  Do  not  use  antifreeze  salts). 


Figure  1. — Cutaway  photo- 
graph of  a  foam  extin- 
guisher showino'  the  in- 
ner container. 


A  CASE  FOR  SIMPLIFIED  FIRE  EXTINGUISHERS^ 

Calvin  H.  Yuill 
Director,  Fire  Technology,  Southtvest  Research  Institute 

Have  you  ever  tried  to  use  a  fire  extinguisher  only  to  find  that 
it  was  designed  for  a  different  kind  of  fire?  Or  discovered  that 
a  particular  extinguisher  operated  differently  from  any  that  you 
had  used  before  ?  Or  breathed  the  deadly  fumes  generated  in  using 
some  extinguishers?  Or  spilled  acid  on  your  clothing  while  servic- 
ing another  type  of  extinguisher?  All  of  these  mishaps,  and  worse, 
have  happened  to  many  people. 

Most  fires  could  be  stopped  in  their  early  stages  by  judicious 
use  of  a  hand  fire  extinguisher.  Prompt  action  by  an  alert  em- 
ployee could  save  his  job  and  his  employer's  business.  It  is  esti- 
mated that  nearly  a  third  of  all  fires — more  than  two-thirds  ot 
fires  in  industry,  are  extinguished  with  hand  operated  fire 
extinguishers. 

This  record  is  impressive  when  considered  by  itself.  In  rela- 
tion to  the  annual  toll  of  fire,  it  loses  much  of  its  significance. 

Our  direct  fire  losses  today  amount  to  over  a  billion  dollars  2i 
year  and  indirect  losses  are  several  times  that  figure.  Some  12,00(' 
people  lose  their  lives  in  fire  and  thousands  more  are  severely^ 
burned  each  year.  Every  possible  means  of  reducing  these  fird 
losses  is  worth  considering.  Simplification  of  the  design  of  fire 
extinguishers  is  one  avenue  of  approach  that  would  be  worthwhile 

There  are  eight  types  of  fire  extinguishers  commonly  sole 
today.  Five  can  be  used  on  fires  in  ordinary  combustibles  such  ai 
wood,  cloth,  paper  and  rubbish.  Five  are  available  for  use  oi 
burning  oils,  greases  and  other  flammable  liquids.  There  are  thre< 
types  available  for  fires  involving  electrical  equipment. 

Some  extinguishers  can  be  used  on  two  different  kinds  of  fire 
None  can  be  used  successfully  on  all  three. 

Confusion  Confounded 

Among  the  eight  basic  types  of  extinguishers  are  a  multitud 
of  operating  techniques.  One  recent  publication  of  a  recognize 
laboratory  illustrates  four  methods  of  actuating  carbon  dioxid 
extinguishers  and  five  methods  for  operating  dry-chemical  extir 
guishers.  Here  indeed  is  confusion  confounded.  Is  it  any  wonde 
that  many  fires  get  out  of  hand  while  the  bewildered  worker  trie 
to  figure  out  the  method  of  operating  a  particular  extinguisher. 

Recognizing  the  value  of  present-day  fire  extinguishers,  it  : 
believed  their  utility  could  be  measurably  increased  if  the  eigl 
types  could  be  reduced  in  number  and  the  operating  mechanis] 
standardized. 


^Reprinted  from  Tomorrow  Through  Research,  by  permission  of  Sout 
west  Research  Institute,  San  Antonio,  Tex. 
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Let  us  explore  the  possibility  of  reducing  the  number  of  fire 
extinguishers  by  examining  well  established  characteristics  of 
each.  Extinguishers  for  fires  in  ordinary  combustibles  are  a  good 
starting  point. 

The  common  soda-acid  extinguisher  is  probably  the  oldest  and 
most  widely  used.  This  unit,  however,  must  be  inverted  so  that 
the  sulphuric  acid  will  mix  with  the  bicarbonate  of  soda  solution 
to  generate  gas  to  expel  the  mixture.  It  must  be  emptied,  washed 
and  recharged  each  year  using  care  to  avoid  spilling  the  acid.  It 
is  good  only  for  fires  in  ordinary  combustibles. 

Foam  extinguishers  operate  much  as  the  soda-acid  type  but 
with  aluminum  sulphate  in  place  of  sulphuric  acid  and  a  stabilizer 
is  added.  The  same  objections  to  method  of  operation  and  main- 
tenance apply  plus  the  fact  that  the  sticky  foam  solution  is  hard 
to  clean  up  after  the  fire  is  extinguished.  This  extinguisher  is  suit- 
able for  use  on  both  combustile  and  flammable  liquid  fires.  Since 
the  solution  is  conductive,  it  should  never  be  used  on  fires  involving 
electric  equipment. 

Another  extinguisher  is  the  '^loaded  stream"  type.  Here  a 
proprietary  liquid  is  expelled  by  gas  from  a  pressurized  cylinder. 
There  is  a  wide  divergence  of  opinion  on  the  merits  of  this  extin- 
guisher and  it  is  not  recognized  by  one  of  the  two  large  labora- 
tories engaged  in  testing  and  approving  fire  extinguishers.  It  also 
can  be  used  on  combustible  and  oil  fires  but  not  on  fires  in  elec- 
trical equipment. 

Another  common  type  is  the  water  pump  tank.  For  outdoor 
work — on  grass,  brush  or  trash  fires — this  is  unexcelled  because 
it  can  be  refilled  quickly  and  kept  in  constant  operation.  However, 
the  pump  tank  requires  more  maintenance  than  many  types  and 
is  not  convenient  for  use  on  indoor  fires. 

The  charged  water  extinguisher  uses  pressurized  gas  or  a 
small  gas  cylinder  inside  the  body  of  the  unit  and  plain  water. 
This  type  of  extinguisher  is  easy  to  use,  clean  and  simple  to  main- 
tain. Again,  it  is  limited  to  use  on  fires  involving  combustibles. 

Simplicity  Is  Possible 

From  a  purely  functional  point  of  view,  the  number  of  extin- 
guishers for  use  on  fires  in  combustibles  could  be  reduced  from 
five  to  one. 

Now  let  us  look  at  the  five  extinguishers  sold  for  use  on  oil, 
grease  or  gasoline  fires.  As  we  have  just  seen,  the  foam  and 
''loaded  stream"  types  have  definite  drawbacks. 

The  vaporizing  liquid  extinguisher  using  either  carbon  tetra- 
chloride or  chlorobromomethane  as  the  extinguishing  agent  can 
be  purchased  from  the  mail  order  house,  the  corner  drug  store  or 
neighborhood  hardware  store.  Few  of  the  people  selling  or  buying 
this  type  of  extinguisher  realize  the  high  toxicity  of  fumes  pro- 
duced by  the  liquids  used.  Many  health  and  medical  authorities 
condemn  this  type  of  extinguisher.  We  would  do  well  to  eliminate 
it  from  the  list. 
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This  leaves  the  carbon  dioxide  and  dry  chemical  extinguisher; 
and  a  choice  between  these  two  is  difficult.  For  many,  the  carboi 
dioxide  extinguisher  is  attractive  because  it  leaves  no  residue.  Oi 
the  other  hand,  trained  fire  fighters  often  prefer  the  dry  chemica 
type  for  certain  fires  because  of  its  lesser  tendency  to  ''fiash  back' 
with  use. 

Finally  there  are  three  common  types  of  extinguishers  recom 
mended  for  electrical  fires.  All  three  can  be  used  on  oil  fires,  an( 
have  been  considered  already.  Leaving  out  the  vaporizing  liqui( 
extinguisher  for  reasons  already  stated  we  have  left  the  carboi 
dioxide  and  dry  chemical  types. 

We  have  then  eliminated  five  of  the  eight  common  types  of  fir< 
extinguishers  for  use  in  buildings  and  have  left  only  three  : 

1.  Charged  water  extinguishers  for  fires  in  combustibles. 

2.  Carbon  dioxide  and  dry  chemical  types  for  oil  and  electrica 
fires. 

Since  the  last  two  types  are  rather  close  in  performance,  it  i; 
quite  possible  that  one  of  the  two  could  be  adopted  as  a  standard 
Exhaustive  testing  under  a  wide  variety  of  conditions  would  b 
necessary  to  establish  a  preference. 

A  Plea  for  Uniformity 

Actually,  substantial  differences  in  performance  do  not  exis 
and  selection  of  any  one  type  for  each  of  the  three  kinds  of  fire 
is  based  largely  upon  personal  preference. 

Now   how   about   the   operating   mechanisms   of   these   basii 
types — could  they  be  standardized?  The  answer  is  an  unqualifie 
yes,  and  such  standardization  is  not  only  possible  but  has  alread 
been  done. 

One  manufacturer  has  on  the  market  charged  water,  carbo 
dioxide  and  dry  chemical  extinguishers  that  are  practically  ider 
tical  in  appearance  and  operation.  The  method  for  operating  thei 
is  so  simple  that  it  is  obvious  even  to  the  uninitiated. 

There  are  many  reasons  that  would  explain  the  present  situr 
tion.  Tradition,  customer  demand,  or  competition,  would  impec 
a  change  in  established  practices.  Nevertheless,  from  the  viev 
point  of  public  safety,  much  would  be  gained  from  the  transitio: 
Confusion  in  customers'  minds  would  be  eliminated  and  the  sta^ 
set  for  much  wider  use  of  this  important  fire  fighting  device. 

Here  indeed  is  a  challenge  to  industry.  An  opportunity  to  ser 
the  public  better  and  to  expand  markets  at  the  same  time.  At  tl: 
same  time  thought  should  be  given  to  further  improvements  su( 
as  lighter  weights,  better  design — even  an  all  purpose  extinguis 
ing  agent.  These  things  will  come  in  time — the  opportunity  f 
simplification  is  here  today. 


BUNK  TOOL  RACK 

Lloyd  E.  Myers 

Forest  Fire  Warden,  Division  of  Forestrij,  Ohio  Department 

of  Natural  Resources 


Storing  handtools  in  a  warehouse   is  frequently  a  pro 
Fire  rakes,  for  instance,  can  be  dangerous  when  hanging 
the    w^all.    One    sokition    is    the 
bunk  tool  rack.  It  is  cheap,  and 
can   be   easily  moved  from   one 
place  to  another  (figs.  1  and  2). 

The  frame  is  made  of  2  by 
4's  in  the  form  of  a  double  bunk 
bed.  Four  pieces  6  feet  long 
serve  as  side  rails,  4  pieces  36 
inches  long  as  legs,  and  4  pieces 
32  inches  long  as  crosspieces. 
The  bottom  and  top  rails  are 
22  inches  apart.  Cyclone  wire 
stretched  and  stapled  over  top 
and  bottom  rails  will  hold  fire 
rakes,  broom  rakes,  sw^atters, 
axes,  shovels,  and  about  any 
other  handtool  used  in  fire  fight- 
ing. 

Where  there  are  large  num- 
bers of  tools  to  be  stored,  bunks 
can  be  laid  on  their  sides  and 
stacked  one  on  top  of  the  other, 
or  stood  on  end  to  save  space. 
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Figure  1.— Rack  on  end. 
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Figure  2. — Bunk  tool  rack  in  noi-mal  position. 
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FIRE  SUPPRESSION  UNIT  FOR  THE  SMALL 

FOREST 

Don  M.  Post 

Assistant  Professor,  School  of  Forestry,  University  of  Florida, 

Gainesville,  Fla. 

At  a  cost  of  less  than  $700  this  fire  protection  unit  may  be  the 
soUition  to  your  problem.  This  machine  was  designed  for  farmers 
and  owners  of  small  forests  who  can't  justify  a  high  capital  outlay 
for  fire  protection  equipment. 

Tractor  drawn,  the  unit  has  a  325-gallon  tank  with  a  1-inch, 
high-pressure  centrifugal  pump  and  a  6-horsepower,  air-cooled 
motor  (fig.  1).  The  pump  is  capable  of  delivering  5  to  65  gallons 
per  minute  at  20  to  140  pounds  pressure,  16  minutes  supply  of 
water  at  full  spray  at  20  gallons  per  minute.  A  gear  type  pump 


Figure  1. — Suppression  unit  ready  for  use.  At  a  10-foot  lift  the  tank  can 

be  filled  in  7  minutes. 


and  motor,  or  power  takeoff  arrangement  on  the  tractor  could  be 
substituted  for  the  centrifugal  pump  and  motor  at  a  substantial 
reduction  in  cost.  However,  when  the  tank  is  to  be  refilled  from 
streams  or  pond  with  sandy  bottoms  the  gear  type  pump  may  not 
be  satisfactory.^ 


iFurther  details  concerning  the  construction  of  this  tanker-trailer  may- 
be obtained  by  writing  the  author. — Ed. 
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The  unit  weighs  654  pounds  empty,  3,324  pounds  fully  loaded. 
It  can  be  towed  easily  by  a  medium-size  farm  tracto]-  through  most 
woods  areas.  For  use  along  woods  roads  a  pickup  truck  would 
be  suitable  (some  States  require  trailers  grossing  over  1,500 
pounds  be  equipped  with  approved  brakes). 

Forest  fire  suppression  is  only  one  use  to  which  this  unit  lends 
itself.  It  can  be  used  to  protect  farm  buildings  or  could  serve  as 
a  supplementary  unit  for  the  fire  department  of  a  small  com- 
munity. It  can  also  be  used  to  irrigate  small  nurseries  or  gardens, 
or  clean  logging  or  farming  equipment. 


ik  a  iv 

Ash-Tray  Smokey  Bear 


The  life-size  Smokey  Bear  poster  makes  a  very  good  ''Use  ash  tray" 
fire  prevention  sign  that  is  also  handy  at  service  stations.  The  cut-out  Smokey 
and  cubs  are  mounted  on  plywood  with  a  large  "Please  Prevent  Forest  Fires" 
across  the  bottom.  At  Smokey's  left  paw  is  mounted  a  gallon  oil  can,  with 
"Empty  Ash  Trays  Here"  above  it.  The  plywood  is  cut  M,  inch  larger  than 
Smokey  and  dark  brown  paint  is  used  to  trim.  A  transparent  sprayed-on 
plastic  coating  to  preserve  Smokey  is  planned.  The  sign  stands  by  itself  and 
is  placed  in  a  convenient  location.  Demand  for  the  signs  exceeds  sup})ly. — 
MiLO  Peterson,  A^-ea  Forester,  loiva  Coyiaervation  Commissioi). 


CANOE  SMOKECHASER  TOOL  UNIT 

W.  W.  Wentz 

District  Ranger,  Green  Moimtain  National  Forest 

Smoke  chasing  along  the  relatively  inaccessible  fourteen  miles 
of  shoreline  of  the  Somerset  Reservoir  in  the  Green  Mountain 
National  Forest  is  most  effectively  carried  on  by  canoe  transported 
crews.  In  waters  frequently  quite  choppy  for  canoe  travel  a  unit 
was  necessary  to  provide  safe  transportation  of  tools  in  the 
limited  space  available  and  to  protect  the  somewhat  fragile  struc- 
ture of  the  canoe  from  damage.  A  lightweight,  compact  unit  was 
constructed  to  provide  these  safeguards  as  well  as  to  speed  up 
the  time  involved  in  launching  the  fully  equipped  canoe  (fig.  1). 


Figure  1. — Smokechaser  tool  unit  designed  primarily  to  lie  flat  in  a  motor 

driven  canoe. 
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On  a  base  of  salvaged  %-inch  fir  plywood  a  sheet  of  light  gage 
metal  was  formed  around  the  head  of  a  shovel  and  tacked  in  place. 
A  light  plywood  box  the  size  of  a  double-bitted  head  was  screwed 
to  the  board  and  a  buffer  strip  of  1-  by  3-inch  spruce  was  fastened 
to  the  end  of  the  base  to  prevent  the  council  tools  from  sliding. 
Another  piece  of  light  metal  was  formed  around  the  ax  bit  of  the 
pulaski  tool  under  the  shovel  handle  and  tacked  in  place.  The  other 
head  of  the  pulaski  tool  was  sheathed  in  a  single-bitted  ax  sheath 
which  is  secured  to  the  board.  In  the  center  of  the  board  a  short 
length  of  leather  strap  with  a  buckle  was  screwed  and  a  ''U"  bolt 
placed  to  receive  a  snap  swivel  on  the  end  of  the  strap.  The  strap 
firmly  secures  all  tools  together  and  on  the  board.  A  carrying 
handle  has  been  cut  at  the  balance  point  of  the  unit  for  ease  of 
carrying. 

The  unit  as  designed  fits  a  local  need  for  use  in  a  canoe  with 
a  3-man  capacity  but  could  be  well  adapted  to  provide  a  light- 
weight complete  unit  placed  in  other  types  of  vehicles  on  a  tem- 
porary emergency  basis. 


Coronado  Fire  Camp  Table 

Until  recently  the  Coronado  National  Forest  fiie  camp  table  consisted 
of  an  assorted  pile  of  lumber,  cut  to  various  lengths  and  put  together  at  the 
selected  camp  with  hammer  and  nails.  This  did  not  produce  a  very  serviceable 
table  and  there  were  far  too  many  pieces  of  lumber  to  keep  track  of.  Often- 
times, the  carpentry  was  not  of  the  best.  It  was  decided  that  something  better 
might  be  designed.  The  table  now  used  on  the  Coronado  is  considered  far 
superior,  goes  together  in  a  fraction  of  the  time,  and  is  far  sturdier.  It  is 
made  as  follows: 

Cut  in  half  a  piece  of  ^4 -inch  plywood;  4  by  10  feet  is  a  good  size 
though  it  may  be  larger  or  smaller.  Join  the  two  pieces,  which  are  4  by  5 
feet,  with  two  heavy  strap  hinges,  about  12  inches  long.  Attach  V2-inch  pipe 
flanges  near  all  corners  of  both  pieces  of  the  plywood;  cut  eight  pieces  of 
^/4-inch  pipe  to  about  32  inches,  threaded  on  one  end.  It  is  very  important  to 
use  stove  bolts  that  fit  the  holes  in  the  hinges  and  the  flanges,  and  to  secure 
the  nuts  by  lightly  riveting  them.  The  hinges  should,  of  course,  be  mounted 
on  the  underside  of  the  plywood  so  they  are  not  in  the  way  on  the  tabletop. 
If  single  tables  are  desired  hinges  are  not  necessary. 

To  set  up  the  table,  simply  screw  the  pieces  of  pipe  in  the  flanges,  turn 
the  table  over,  and  it  is  ready  for  use.  No  tools  are  needed  to  set  up  the  table, 
hand  twisting  of  the  pipes  is  ample. 

To  transport  the  table  in  a  truck  or  pickup,  fold  the  two  sections  together 
and  tie  the  pieces  of  pipe  in  a  bundle.  The  w^hole  thing  takes  up  very  little 
room;  several  tables  may  be  carried  if  desired. — Gilbert  Sykes,  District 
Ranger,  Coronado  National  Forest. 


PROTECTOR  FOR  HOSE  ACROSS  ROADS 

RoLFE  Anderson 
District  Ranger,  Siuslaw  National  Forest 

In  1954  District  Assistant  Willis  Horner  and  District  Ranger 
Rolfe  Anderson  of  the  Hebo  District  devised  a  protector  for  hose 
lines  lying  across  roads  where  traffic  must  be  kept  moving  during 
the  operation  of  a  pumping  system. 

The  hose  protector  was  constructed  from  4  pieces  of  4-  by  12- 
inch  spruce  plank  cut  42  inches  long,  beveled  on  the  ends  for  easy 
crossing  by  trucks,  and  with  a  cutout  through  the  center  to  accom- 
modate one  or  two  li^-inch  hose  lines.  For  dual-tired  vehicles 
such  as  logging  trucks  double  planks  are  necessary.  These  may 
be  hinged  so  they  will  stay  parallel  and  in  place  while  in  use  and 
yet  can  be  folded  for  ease  in  transporting  (figs.  1  and  2). 


Figure  1. — Hose  protector  construction  details. 

These  hose  protectors  have  proved  their  value  on  the  Heb( 
Ranger  District  and  elsewhere  on  the  Siuslaw;  they  fill  a  definit( 
need  on  slash  burning  operations  or  fire  fighting  when  it  is  neces 
sary  to  lay  hose  across  roads  without  interrupting  traffic,  or  risk 
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Figure  2. — Hose  protector  in  place. 

ing  broken  hoses.  Two  primary  values  are  simplicity  of  construc- 
tion and  the  fact  that,  once  in  place,  they  ''stay  put"  without  the 
constant  attention  so  commonly  needed  with  planks  and  other 
usual  protectors. 

i^  ^  ^ 


Stop  Power  Saw  Fires  Tags 

In  order  to  reduce  the  number  of  man-caused  fires  started  in  Oregon's 
forests  by  power  saws  the  Keep  Oregon  Green  Association  has  prepared  a 
red  tag,  approximately  3  by  6  inches,  listing  fire  precautions.  Quantities  of 
this  tag  will  be  distributed  to  power  saw  agencies  and  their  repair  shops  in 
Oregon  so  that  a  tag  can  be  attached  to  each  power  saw  sold  or  repaired. 
District  wardens,  U.  S.  forest  rangers,  and  U.  S.  Bureau  of  Land  Manage- 
ment foresters  will  have  tags  for  distribution,  and  the  State  Forester  plans 
to  include  one  in  every  envelope  that  contains  an  operating  harvesting  permit 
for  1956. 

These  are  the  fire  precautions  for  power  saws  listed  on  the  tag: 

1.  Place  power  saw  on  mineral  soil  when  fueling,  NOT  in  dry  litter  or  slash. 

2.  Permit  hot  power  saw  to  cool  two  or  three  minutes  before  refueling. 

3.  Use  non-spill  gas  can  to  fill  tank  and  avoid  spilling  of  inflammable  fuel. 

4.  Use  proper  oil  and  gas  mixture  to  minimize  carbonization. 

5.  Do  not  start  pov/er  saw  at  place  of  filling. 

6.  Keep  power  saw  clean  of  sawdust  and  inflammable  material. 

7.  Keep  muflfler  on  the  power  saw  and  in  good  condition. 

8.  Don't  operate  your  power  saw  if  it  is  backfiring. 

9.  Keep  spark  plugs  and  wire  connections  tight. 

10.  Keep  a  filled  fire  extinguisher  and  shovel  with  power  saw  at  all  times. 

11.  Clear  inflammable  material  from  point  of  saw  cut. 

12.  Put  out  any  fires  started  and  report  them  to  the  foreman,  together  with 

causes. 

13.  All   fires   should  be  promptly  reported   to   the  proper  forest  protection 

agency. — Albert    Wiesendanger,   Executive   Secretary,   Keep   Oregon 
Green  Association. 


TELEVISION  TESTED  FOR  FOREST  FIRE 
DETECTION  IN  CALIFORNIA 

John  Hastings 

State  Forest  Ranger,  California  State  Division  of  Forestry 

As  a  part  of  its  program  of  equipment  development  and  re- 
search, on  June  7-10,  1955,  the  California  State  Division  of 
Forestry  participated  with  the  Hancock  Electronics  Corporation 
of  Oakland  in  a  test  and  demonstration  of  closed  circuit  industrial 
television  as  adapted  to  forest  fire  detection.^  This  demonstration 
served  the  twofold  purpose  of  acquainting  the  Division  of  Forestry 
with  the  possibilities  of  television  for  forest  fire  detection  and 
demonstrating  to  the  manufacturers  some  of  the  requirements  of 
a  good  fire  detection  system  and  the  ability  of  their  equipment  to 
fulfill  these  requirements. 

No  specific  equipment  was  developed  for  this  test  and  all  equip- 
ment used  was  that  which  had  been  previously  developed  for  other 
uses.  However,  it  was  stated  that  a  complete  installation  embody- 
ing any  features  that  we  might  desire  could  be  constructed. 

Prior  to  the  test,  a  platform  was  constructed  at  the  90-foot 
level  of  a  100-foot  steel  lookout  tower  200  feet  from  our  El  Dorado 
Ranger  Unit  headquarters.  The  platform  was  constructed  so  that 
it  projected  out  about  5  feet  beyond  the  west  side  of  the  tower 
and  permitted  a  camera  sweep  of  about  270  degrees  free  from 
interrupting  tower  girders  and  framework. 

The  television  installation  consisted  of  a  television  camera,  con- 
trol unit,  and  monitor  mounted  upon  the  tower  platform  and  linked' 
by  coaxial  cable  to  three  12y2-inch  monitors  in  the  nearby  dispatch 
office.  Of  the  three  monitors  in  the  dispatch  office,  one  was  used 
by  the  lookout-observer,  one  was  used  with  a  4  x  5  Speed-Graphic 
camera  to  record  what  was  observed  upon  the  monitor  screen, 
and  one  was  used  to  film  a  limited  amount  of  16-mm.  movie  film. 

In  this  demonstration,  all  camera  movement  was  controlled  by 
the  lookout-observer  using  a  small  remote  control  unit  adjacent 
to  the  monitor.  The  remote  control  unit  consisted  of  a  small  box 
with  two  momentary  switches,  one  moved  up  or  down  for  tilt 
control  and  one  moved  left  or  right  for  azimuth  control  (fig.  1). 

As  there  was  no  provision  for  registering  the  azimuth  at  which 
the  camera  was  pointed,  it  was  necessary  that  the  lookout-observer 
be  able  to  orient  himself  by  familiarity  with  the  terrain  as  it 
appeared  upon  the  monitor  screen.  In  order  to  aid  in  this  orienta- 
tion and  to  facilitate  evaluation  of  the  scene  viewed,  prior  to  the 
start  of  viewing,  all  of  the  permanent  mill  smokes  in  the  area  and 


1  Several  other  States  have  made  or  are  making  similar  tests.  Louisiana 
is  now  operating  a  TV  lookout  alongside  a  manned  lookout  for  a  season's 
evaluation.  Two  problems  still  to  be  solved  are  (a)  more  definite  determina- 
tion of  the  effectiveness  of  TV  observations  at  maximum  distances,  and 
(b)  best  method  for  indicating  azimuth,  a  requirement  that  has  a  direct 
bearing  on  cost  of  an  installation. 
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Figure  1. — Monitors  used  in  viewing-  by  TV  lookout-observer  and  in  taking- 
pictures  of  scene  observed;  remote  control  unit  on  desk. 


certain  terrain  features  were  plotted  upon  a  map  and  identified 
as  to  distance  and  azimuth  from  the  camera.  In  addition,  possible 
points  for  the  ignition  of  test  smokes  were  located. 

During  the  period  of  the  test  and  demonstration,  observing 
was  done  using  8-,  16-,  and  20-inch  focal  length  telephoto  lenses 
(fig.  2).  With  each  lens,  prominent  terrain  features  and  all  of  the 
permanent  mill  smokes  in  the  area  were  observed  and  photos  of 
their  appearance  upon  the  monitor  screen  were  made.  The  mill 
smokes  were  located  at  varying  azimuths  and  at  distances  of  6  to 
16  miles.  Test  smokes  were  ignited  at  distances  of  7,  10,  and  13 
miles  to  test  the  ability  of  the  lookout-observer  to  pick  them  up. 
In  all  instances,  when  the  test  smokes  were  ignited,  the  camera 
was  pointed  in  the  direction  of  the  expected  smoke. 

Results  of  this  limited  test  have  indicated  to  us  that  the  tele- 
vision camera  is  a  feasible  means  of  fire  detection  although  at  this 
time  we  did  not  have  the  opportunity  to  make  a  firm  comparison 
between  the  merits  of  a  manned  lookout  tower  and  a  TV-observer. 
Further  tests  will  be  needed  to  determine  the  comparative  effi- 
ciency of  each  method  as  well  as  the  relative  costs  of  each  system. 

The  8-inch  lens  appeared  limited  to  about  10  miles  for  picking 
up  small  smokes  and  detail  although  the  field  of  vision  seemed 
good  for  routine  scanning.  The  16-  and  20-inch  focal  length  lenses 
brought  detail  at  distances  not  reached  by  the  8-inch  lens,  but  they 
were  not  satisfactory,  for  scanning.  Haze  penetration  was  im- 
proved by  the  use  of  an  improvised  filter. 

Best  results  would  appear  to  be  obtained  by  the  use  of  a 
camera  with  a  multiple  lens  installation — a  6-  to  8-inch  focal 
length  lens  for  general  scanning  rotated  at  a  rate  such  that  the 
observer  can  spot  small  smokes  with  a  minimum  of  difficulty  and 
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Figure  2. — T\    camera  with  8-inch  focal  length  telephoto  lens  installed. 

a  lens  of  16-  to  20-inch  focal  length  for  close  scrutiny  of  specific 
areas,  particularly  out  towards  the  edge  of  the  15-mile  radius. 
Use  of  proper  filters  will  probably  materially  improve  the  visibility 
during  hazy  conditions. 

Some  problems  that  still  need  to  be  solved  are  these : 

1.  What  is  the  best  lens  to  use  for  routine  scanning  consider- 
ing field  of  vision  and  magnification. 

2.  Given  the  desired  lens,  what  is  the  optimum  rate  of  scan- 
ning that  will  permit  satisfactory  coverage  of  the  area  and  easy 
observation  of  small  smokes. 

3.  What  are  the  desirable  filters  to  use. 

4.  How  many  monitors  can  one  observer  watch  and  what  are 
the  fatigue  factors  involved. 

The  various  problems  encountered  during  this  test  were  dis- 
cussed with  the  manufacturers.  None  of  them  appear  to  be  insur- 
mountable. As  the  problems  are  overcome,  it  is  the  intent  of  the 
California  Division  of  Forestry  to  continue  to  evaluate  the  tele- 
vision camera  as  a  means  of  providing  a  primary  detection  service 
or  supplementing  the  existing  system. 


ACCIDENT  FACTORS  ARE  "DANGEROUS 
DOMINOES" 

Joseph  Radel 

Safety  Officer,  Region  5,  U.  S.  Forest  Service 

[Adapted  from  a  talk  given  by  the  author  at  the  California  Region's 
1955  Supervisors  Meeting  at  San  Francisco.] 

A  well-known  author  in  his  book  on  industrial  accident  preven- 
tion used  dominoes  to  illustrate  accident  factors.  We  have  bor- 
rowed the  idea  but  adapted  it  to  Forest  Service  use.  If  these 
principles  of  dangerous  dominoes  are  understood  they  can  be 
further  adapted  to  our  use  so  that  current  gains  in  safety  will  be 
continued.  There  is  every  good  reason,  in  fact,  to  look  forward  to 
the  day  when  Region  5  will  practically  eliminate  accidents.  But 
first  let  us  look  back  at  our  injury  frequency  rate. 

There  has  been  a  constant  downward  trend  in  injury  rates 
since  1947.  From  38  lost-time  accidents  per  million  man-hours 
worked  in  1947  to  just  slightly  over  10  in  1954  for  an  all  time  low 
represents  a  74  percent  reduction  in  injury  frequency.  This  con- 
stant betterment  in  our  record  of  employee  safety  represents  hard 
work,  ingenuity,  and  leadership  by  many  people  in  the  Region. 

It  has  been  said,  "There  is  no  hope  for  the  satisfied  man."  We 
believe  it  true  for  us  in  safety,  too,  so  our  goal  is  an  injury  fre- 
quency of  5  or  less.  By  process  of  extrapolation  we  can  extend  the 
present  average  trend  to  show  that  by  1959  the  Region  should  be 
below  5.  This  means  less  than  30  lost-time  accidents  annually  for 
the  entire  Region.  A  worthy  objective  which,  when  reached,  will 
mean  we  have  eliminated  much  suffering,  grief,  and  financial  hard- 
ship for  our  people. 

One  of  the  most  successful  salesmen  in  America  lists  deter- 
mination and  willingness  to  pay  the  price  as  qualities  needed  to 
achieve  our  goals,  whether  it  be  in  our  personal  or  official  life. 
We  can  reach  our  goal  in  safety  if  we  want  to  eliminate  injuries 
enough  to  make  accident  prevention  a  vital  part  of  all  activities. 

Accident  factors  occur  in  a  given  sequence  to  produce  a  final 
result.  Like  dominoes  standing  in  a  row  when  the  first  is  tipped 
over  it  will  cause  the  rest  to  fall  successively.  Injury  or  death  is 
the  final  domino.  Preceding  the  injury  is  occurrence — an  accident 
which  may  or  may  not  cause  an  injury.  (For  example,  the  top 
coming  out  of  a  burning  snag,  which  narrowly  misses  the  fire 
fighter,  is  an  accident  but  in  this  case  doesn't  result  in  injury.  The 
next  time  a  similaj'  occurrence  might  cause  a  fatality.) 

Preceding  the  occurrence  or  accident  there  is  in  every  case 
either  an  unsafe  act  of  a  person  or  persons  (such  as  carrying  an 
ax  on  the  shoulder  or  using  a  file  without  a  handle)  or  an  unsafe 
physical  or  mechanical  condition  (unguarded  machinery,  mush- 
roomed striking  tools,' etc.)  or  both.  Back  of  these  stand  several 
more  dominoes — the  reasons  for  the  unsafe  act  or  hazardous 
condition.  Sometimes  we  refer  to  these  dominoes  as  "the  cause 
behind  the  cause."  So  we  have  our  train  of  dominoes  on  end, 
culminating  in  an  injury.  Our  aim  is,  of  course,  to  discover  the 
key  dominoes  which  cause  accidents  and  remove  them. 
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Key  Dominoes 

Environment,  heredity,  habit:  these  are  the  first  three  domi- 
noes. They  influence  production  as  well  as  accidents.  Environment 
is  defined  as  ''the  external  conditions  and  influences  which  affect 
the  life  and  development  of  people."  These  influences,  for  good 
or  bad,  make  their  impact  before  the  Forest  Service  gets  the 
employee.  Certainly  there  is  no  question  about  hereditary  traits, 
those  physical  characteristics  transmitted  from  parent  to  off- 
spring. Habits,  good  or  bad,  are  also  pretty  well  ingrained  by  the 
time  we  hire  an  individual.  Does  this  mean  we  are  helpless?  No, 
I  don't  think  so.  Our  choice  here  falls  within  a  solid  recruitment 
program,  and  like  the  two  poles  of  a  battery  has  a  positive  and 
negative  side.  Positive  will  result  in  development  of  methods  to 
attract  the  best,  whether  they  be  seasonal  or  year-round  profes- 
sional and  nontechnical  people;  negative,  in  rejecting  those  not 
fit  for  Federal  service  whether  it  be  for  a  few  weeks  or  for  a 
lifetime  career. 

Recruitment 

In  presenting  a  guide  for  a  positive  program  of  recruitment 
Clare  Hendee,  our  former  regional  forester,  said,  ''Recruitment 
of  qualified  people  who  can  be  trained  to  give  loyal,  efficient  public 
service  is  one  of  the  Region's  basic  problems.  We  all  agree  that 
public  service  goals  will  best  be  achieved  with  and  through  good 
people  .  .  ."  He  also  listed  several  recruitment  factors,  such  as 
(1)  attitude  which  demands  the  best;  (2)  arrest  records  held  to 
a  minimum;  (3)  physical  exams  for  employees;  (4)  standards  of 
discipline  kept  high  but  fair;  (5)  set  a  right  climate  for  growth 
and  satisfaction  on  the  job;  (6)  faith  in  the  willingness  of  able 
employees  to  be  loyal  and  enthusiastic. 

In  Region  5,  seasonal  personnel  outnumber  yearlong  personnel 
two  to  one.  Counting  turnover  we  hire  more  than  3,000  seasonal 
workers  each  year.  Many  of  these  come  from  the  city  where  they 
have  had  little  or  no  opportunity  to  observe  us  or  our  work.  Inte- 
grating such  workers  into  the  Forest  Service  for  top  public  service 
is  extremely  difficult.  Job  training,  orientation,  supervision  and, 
perhaps  most  of  all,  safety  become  a  tremendous  challenge  to 
those  of  us  who  supervise.  Thus  we  can't  afford  the  additional 
handicap  of  using  inferior  parts  when  trying  to  weld  a  striking 
force  together  under  these  circumstances.  Perhaps  we  can't  always 
compete  salarywise  with  private  industry,  but  we  can  use  our 
ingenuity  to  sell  other  desirable  benefits  and  opportunities  avail- 
able to  employees  who  work  for  the  Forest  Service. 

We  no  longer  automatically  get  the  best  forestry  graduates 
from  the  schools.  A  prominent  forestry  school  recently  wrote  us 
concerning  this  very  problem.  Despite  the  urging  of  the  entire 
forestry  school  staff,  less  than  half  of  the  students  took  the  **JF" 
examination  in  1954.  "A  decade  or  two  ago,"  the  dean  said,  "most 
of  our  students  wanted  a  Forest  Service  career.  Today  this  is 
changed.  Private  industry  is  competing  for  and  getting  some  of 
the  best  forestry  graduates." 


FIRE  CONTROL  NOTES  29 

The  same  situation  holds  true  for  engineering  graduates.  This 
situation  means  many  things  in  terms  of  recruitment  ingenuity — 
such  as  adequate  housing,  treatment  on  the  job,  climate  favorable 
to  growth,  and  satisfaction  on  the  job.  It  will  also  have  to  mean 
full  appreciation  of  student  employment  as  a  significant  step  in 
recruitment  of  year-round  personnel.  For,  after  all,  how  we  treat 
the  student  and  the  opportunities  and  challenges  presented  during 
summer  employment  may  be  the  deciding  factor  as  to  whether  or 
not  he  desires  to  make  the  Forest  Service  his  career. 

Unsafe  Conditions 

Here  we  have  one  of  the  less  subtle  dominoes.  An  unsafe 
mechanical  or  physical  condition  is  simply  defined  as  **a  condition 
which  might  have  been  guarded  or  corrected."  From  the  stand- 
point of  accident  prevention  this  is  the  one  sequence  factor  most 
easily  corrected  or  changed.  We  have  done  well  in  eliminating  this 
deadly  domino  but  not  well  enough.  I  have  yet  to  go  on  one  forest 
without  finding  at  least  several  instances  where  safety  engineering 
could  be  improved.  Last  year  I  found  these  "unsafe  conditions" 
which  could  have  been  eliminated  but  which  were  not :  Unguarded 
belts,  inadequate  machine  guarding,  mushroomed  tools  and  other 
defects  of  tools,  unsafe  overhead  storage,  poor  lighting,  poor 
housekeeping,  no  goggles  sent  out  to  a  fire  for  use  with  grinders, 
ungrounded  electrical  equipment,  electrical  outlets  and  pull  chains 
accessible  from  shower  stall,  dangerous  location  of  garage  in 
relation  to  a  bus}'  transcontinental  highway. 

Unsafe  Acts 

An  unsafe  act  or  faulty  behavior  is  usually  associated  with 
some  degree  of  physical  hazard.  Thus  this  dangerous  domino  is 
usually  found  in  combination  with  other  equally  dangerous 
dominoes.  In  the  Forest  Service,  however,  regardless  of  the  good 
job  we  might  do  in  safety  engineering  we  still  have  the  steep 
slope,  burning  snags,  rolling  rocks,  explosive  brush  fires,  scaling 
logs  at  a  busy  landing,  driving  trucks  and  cars  over  winding 
mountain  roads,  and  many  other  highly  hazardous  jobs. 

Obviously  we  cannot  level  the  slope  or  put  a  machine  guard 
around  a  man  to  protect  him  from  rolling  rocks  if  his  job  causes 
him  to  be  on  a  steep  rocky  slope.  Nor  can  we  at  this  stage  in  our 
development  of  fire  fighting  techniques  prevent  the  smoldering 
brush  fire  from  taking  off  when  weather  factors  are  right.  There- 
fore, in  the  Forest  Service,  we  must  not  only  know  and  practice 
commonly  accepted  safe  procedures  but,  in  addition  and  under 
certain  circumstances,  we  must  be  familiar  with  the  techniques 
of  'injury  avoidance."  There  is  a  difference.  Let  me  illustrate. 

A  worker  uses  a  power  grinder.  Since  he  can  finish  the  job 
in  about  3  seconds  he  makes  a  decision  not  to  use  the  goggles.  He 
takes  a  chance  and  a  piece  of  steel  flies  into  his  eye,  causing  a 
painful  and  lost-time  injury.  He  definitely  committed  an  ''unsafe 
act"  by  violating  a  commonly  accepted  safe  procedure — in  this 
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case  his  decision  not  to  wear  goggles.  An  unsafe  act  can  be  some- 
thing a  person  does  or  something  he  should  not  have  done  oi 
perhaps  done  differently.  He  may  have  done  so  deliberately  wit! 
full  knowledge  that  he  was  doing  something  unsafe  or  he  may  noi 
have  known.  The  criterion  here  is  usually  "would  a  cautious  anc 
well-trained  person  have  done  the  same  thing  under  the  sam( 
circumstances"  or  in  the  above  example  used  the  grinder  withou^ 
goggles  ? 

Good  injury  avoidance  techniques  can  be  illustrated  by  th( 
precautions  a  well-trained  fire  boss  will  take  when  leading  hi; 
men  down  to  a  spot  fire  in  brush.  Under  certain  circumstances  h< 
knows  that  such  action  would  be  suicide.  Therefore,  before  h< 
takes  his  men  in  on  such  a  mission  he  considers  wind,  humidity 
slope,  density  of  brush,  escape  routes,  lookouts,  experience  am 
physical  condition  of  his  men.  His  personal  action  in  taking  hi 
men  to  such  a  fire  should  not  be  considered  an  unsafe  act  merel; 
because  it  is  hazardous.  If  proper  precautions  are  taken,  we  hav 
here  an  illustration  of  a  Forest  Service  injury  avoidance  technique 
If  because  of  lack  of  know-how  the  fire  boss  took  his  men  into 
situation  which  later  developed  into  a  trap  and  several  wer 
seriously  burned,  we  have  an  illustration  of  an  unsafe  act.  Man; 
actions  are  normally  quite  safe,  such  as  smoking,  for  exampk 
However,  smoking  in  an  oil  refinery  or  an  explosives  plant  coul! 
be  the  means  of  blowing  you  to  Kingdom  Come ! 

An  unsafe  act  domino  stands  in  our  way  every  time  an  accidern 
occurs  and  it  is  evident  that  there  was  a  reasonable  and  less 
hazardous  way  that  could  have  been  followed.  If  the  hazard  nt 
mains  despite  our  best  efforts  to  eliminate  it  and  the  job  has  t 
be  done,  then  we  train,  supervise,  demonstrate,  inspect,  and  othei 
wise  use  all  the  safety  gadgetry  at  our  command  to  sell  injur 
avoidance.  Sometimes  this  domino  isn't  removed  because  of  hasti 
fatigue,  or  just  downright  disregard  for  common  sense.  Usuall; 
however,  our  people  commit  unsafe  acts  and  take  chances  becaus 
they  don't  know.  The  slogan  on  the  fire  tool  decal  '*Be  safe — do 
right"  could  just  as  well  read  **Do  it  right  and  be  safe." 

An  analysis  of  Forest  Service  accidents  for  1954  reveals  thr 
over  half  of  our  injuries  were  a  result  of  not  knowing  how  1: 
avoid  injury  while  performing  a  hazardous  or  semihazardous  jo 
The  reason  may  have  been  a  physical  defect  such  as  poor  visic 
or  hearing;  it  may  have  been  mental,  such  as  an  inclination  ' 
take  a  chance,  or,  as  is  too  often  the  case  of  our  seasonal  employe 
lack  of  experience  and  understanding  of  the  job. 

Each  one  of  us  can  think  back  on  our  own  Forest  Servi) 
experience.  I  believe  you  will  agree  that  most,  if  not  all,  of  oi 
serious  and  fatal  injuries  can  be  eliminated  when  we  determii 
to  plan  for  safety  and  then  insist  on  systematic  training  in  tl 
actual  performance  of  safe  work  practices.  Nonroutine  work  su( 
as  we  do  in  the  Forest  Service  can  be  performed  safely  if  supe 
vision  will  insist  upon  a  high  degree  of  technical  know-how,  ai 
then  follow  through  to  see  that  we  are  practicing  that  which  \ 
know.  Let's  rid  the  Region  of  all  "Dangerous  Dominoes"! 
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FORESTRY  connot  restore  the 
American  heritage  of  natural  re- 
sources if  the  appalling  wastage  by 
fire  continues.  This  publication  will 
serve  as  a  channel  through  which  crea- 
tive developments  in  management  and 
techniques  may  be  communicated  to 
and  from  every  worker  in  the  field  of 
forest  fire  control. 
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The  value  of  this  publication  will  be  determined  by  what 
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panies and  individuals  contribute  out  of  their  experience  and 
research.  The  types  of  articles  and  notes  that  will  be  pub- 
lished will  deal  with  fire  research  or  fire  control  manage- 
ment: Theory,  relationships,  prevention,  equipment,  detec- 
tion, communication,  transportation,  cooperation,  planning, 
organization,  training,  fire  fighting,  methods  of  reporting, 
and  statistical  systems.  Space  limitations  require  that  arti- 
cles be  kept  as  brief  as  the  nature  of  the  subject  matter  will 
permit. 
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ton, D.  C.  The  matter  contained  herein  is  published  by  the 
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information  required  for  the  proper  transaction  of  the  public 
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Copies  may  be  obtained  from  the  Superintendent  of  Docu- 
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THE  IMPORTANCE  OF  DESIGN  IN  EQUIPMENT 
DEVELOPMENT 

Steven  Such 
Mechanical  Erigineer,  Michigan  Forest  Fire  Experiment  Station 

The  current  trend  toward  complete  mechanization  has  had  its 
influence  in  forest  fire  protection  as  much  as  it  has  in  any  other 
field.  Prior  to  the  time  of  heavy-equipment  application  to  forest 
fire  control,  only  limited  usage  could  be  made  of  anything  more 
eft'ective  than  the  simple  agricultural  tools.  In  less  than  a  genera- 
tion we  have  moved  from  shovel  to  bulldozer,  and  from  buckets 
to  large  tankers  and  high-pressure  pumps. 

Behind  the  scenes  of  this  mass  movement  to  powerful  machin- 
ery is  the  field  of  equipment  development,  made  up  of  research, 
idesign,  and  manufacturing,  and  of  continual  testing  and  im- 
provement. All  of  these  are  vital  factors  in  any  successful  develop- 
iment  program,  and  not  the  least  of  these  is  good  design.  Simply 
jand  concisely,  the  determinants  of  design  are  cost,  appearance, 
safety,  and  efficiency.  Rarely,  if  ever,  is  any  one  of  these  items 
the  sole  determinant  of  design.  The  careful  designer  will  use  all 
of  them  in  guiding  his  work,  with  emphasis  on  an  individual 
jitem  if  there  is  special  need. 

Americans  today  are  becoming  exceedingly  cost  conscious. 
This  fact  is  particularly  conspicuous  in  modern  industry  where 
the  byword  is  ''cost  reduction."  Automation  is  nothing  more  than 
rapid  production  with  an  eye  to  lower  costs.  New  methods  and 
modern  contrivances  for  manufacturing  are  directly  intended  to 
mass-produce  at  a  minimum  cash  outlay.  The  effect  of  cost  con- 
sciousness on  the  designer  too  is  marked  He  can  never  forget 
that  anything  he  designs  must  match  the  consumer's  ability  to 
pay ;  if  it  does  not,  it  will  receive  a  minimum  of  use.  Such  thinking 
•-is  at  times  hard  to  justify  from  a  designer's  viewpoint,  par- 
ticularly when  he  is  concerned  with  quality.  Nevertheless,  every 
sffort  must  be  made  to  produce  the  best  possible  product  within 
the  allowable  cost  bounds. 

Appearance,  although  normally  nonfunctional,  must  influence 
ill  design  work.  A  general  rule  of  thumb  that  any  design  that 
looks  good  is  good,  is  a  risky  premise  on  which  to  work.  A  safer 
oremise  is  that  an  attractive  appearance  is  the  basis  on  which 
a  majority  of  manufactured  articles  are  sold.  The  consumer  is 
entitled  to  expect  smooth  and  harmonious  lines  blended  into  a 
finished  product.  However,  in  designing  it  remains  a  matter  of 
common  sense  not  to  give  a  disproportionate  amount  of  time  to 
appearance  at  the  sacrifice  of  the  other  three  items  of  cost, 
safety,  and  efliciency.     ■ 

What  can  be  said  about  safety  that  has  not  been  said  before? 
Seemingly  very  little.  Absolutely  nothing  is  more  deserving  of 
attention  than  any  condition  that  can  threaten  the  life  or  health 
^f  a  man.   Utmost  care  and  thought  must  therefore  be  given  at 
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all  times  to  operational  safety  factors  and  devices.  It  is  the  de- 
signer's duty  and  moral  obligation  to  keep  safety  foremost  and 
always  in  mind.  Socially  speaking,  safety  in  design  is  probably 
the  most  important  single  item  to  be  considered. 
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Figure  1. — Top,  These  34  parts  were  formerly  required  to  make  up  the  beai 
portion  of  a  hydraulically  controlled  plow.  Bottom,  This  one  castin 
replaces  all  of  the  parts  in  the  top  photograph.  Note  smooth  lines  an 
minimum  machinino:. 
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The  word  ''efficiency"  in  connection  with  the  design  of  any  one 
.niit,  as  used  here,  covers  (1)  operational  efficiency,  (2)  ease  of 
manufacturing,  and  (3)  the  combination  of  multiple  functions. 
Operational  efficiency  of  equipment,  for  example,  is  measured  by 
the  effort  required  of  the  equipment  and  the  excellence  of  exe- 
cution of  the  given  job.  It  is  noteworthy  that  more  often  than 
lot  a  high  efficiency  rating  accompanies  simplicity  of  design, 
rhe  reason  for  this  is  beyond  the  scope  of  this  article. 

Where  parts  are  to  be  manufactured  in  large  quantities,  ease 
)f  rnanufacturing  is  of  prime  importance.  Very  often  the  avail- 
ability of  a  machine  is  determined  by  its  design.  In  contrast 
Aith  operational  efficiency,  ease  of  manufacturing  is  measured 
n  terms  of  hours  and  dollars.  It  is  therefore  extremely  important 
:o  keep  production  methods  and  costs  as  a  control  medium  in 
lesign. 

Finally,  an  alert  designer  will  be  constantly  aware  of  the 
possibilities  of  combining  functions  and  parts  in  the  interest  of 
efficiency.  This  means  that  sound,  basic  design  principles  of  the 
iiost  stable  nature  will  be  applied,  not  tinker's  innovations. 

A  practical  example  of  the  application  of  the  four  determin- 
mts  of  design  is  found  in  a  casting  recently  developed  in  Michigan 
:'or  use  in  the  production  of  hydraulically  controlled  plows.  Thirty- 
:our  separate  pieces  were  formerly  required  to  do  the  job  the 
me  casting  now  does  alone  (fig.  1).  The  raw-material  cost  of  the 
casting  is  approximately  four-fifths  of  the  previous  cost.  Manu- 
["acturing  time  has  been  reduced  to  about  one-half.  Operating 
efficiency  has  been  increased  at  least  25  percent.  All  of  the  safety 
ievices  of  the  former  assembly  have  been  kept.  Appearance  has 
3een  noticeably  improved,  and  at  least  six  separate  functions  are 
3eing  performed  by  the  lone  casting. 

Design  has  become  a  significant  part  of  equipment  programs 
in  the  field  of  forest  fire  control  because  men  with  much  experi- 
ence in  that  field  know  that  the  best  guarantee  of  strong  equip- 
ment is  good  initial  design.  It  is  no  accident  that  the  steady  de- 
crease in  acreage  lost  per  fire  in  Michigan  is  accompanied  by  a 
setter  and  better  fleet  of  fire  fighting  equipment.  Good  initial 
:iesign  of  equipment  will  continue  to  be  sought  after  as  one  means 
3f  fast  and  effctive  control  of  forest  fires. 


MARKINGS  FOR  IDENTIFICATION  OF  FIRE 
CONTROL  VEHICLES  FROM  THE  AIR 

Samuel  S.  Cobb 

District  Forester,  Pennsylvania  Department  of 

Forests  and  Waters 

The  rapidly  increasing  use  of  aircraft  in  fire  control  work 
during  recent  years  has  raised  many  problems  for  forestry  of- 
ficials in  supervisory  positions.  The  Wyoming  Forest  District, 
one  of  the  twenty  administrative  units  of  the  Pennsylvania  De- 
partment of  Forests  and  Waters,  has  been  no  exception.  This 
district  includes,  as  about  one-third  of  its  area,  the  northern  edge 
of  the  anthracite  coal  fields„  Once  the  forest  fire  hot  spot  of  the 
State,  the  section  has  cooled  decidedly  over  the  past  15  years,  but 
because  of  its  high  percentage  of  forested  lands,  numerous 
hazards,  and  flashy  fuel  types,  it  is  still  a  fire  problem  of  con- 
siderable scope.  As  a  result,  the  use  of  aircraft  in  the  district 
has  become  greater  with  each  passing  year.  Planes  are  used  foi 
detection,  scouting,  and  directing  ground  crew^s. 

One  of  the  major  problems  has  been  the  identification,  by 
pilot  or  observer,  of  ground  vehicles  of  the  supervisory  personnel 
of  the  district.  These  include  those  of  foresters,  fire  inspectors 
forest  rangers,  and  smokechaser  teams.  Until  the  past  year, 
practically  all  department  vehicles  were  standard  model  trucks 
and  cars.  In  the  main,  fire  inspectors  and  smokechaser  teams  arei 
assigned  %-  ^^^  %-ton  pickup  trucks.  Rangers  use  i^-'ton  pick, 
ups  and  have  light  dump  trucks  which  are  occasionally  used  for  fir(t 
work.  The  foresters  drive  pickups  and  standard  sedans.  Unles.^ 
these  vehicles  have  special  fire  fighting  rigs  such  as  tanks,  liv( 
reels,  or  side  racks  holding  spray  tanks,  they  are  indistinguishablf* 
from  hundreds  of  similar  vehicles  when  viewed  from  the  air 
Many  of  the  fire  wardens  dispatched  to  a  fire  also  drive  ligh' 
trucks.  Before  air  to  ground  radio  became  available,  message-droi 
tubes  were  often  thrown  to  crew  units  distant  from  the  super 
visory  oflficer  on  the  fire.  In  many  cases  the  information  droppec 
never  reached  the  fire  boss. 

Inspector  Robert  J.  Startzel  at  the  Hazleton  Station  decidec 
to  mark  each  of  his  trucks  with  two  white  bars  about  8  inche;: 
wide  and  at  least  4  feet  long,  parrallel  to  each  other  and  extend 
mg  from  the  front  to  rear  of  the  truck  cab  (fig.  1) .  This  markin< 
was  soon  applied  to  the  fire  vehicles  throughout  the  district 
When  the  two  aircraft  in  use  were  equipped  with  radios  capabL 
of  communicating  with  the  tower  sets,  vehicle  mobile  units  an< 
field  portables,  the  problem  of  identifying  supervisory  vehicle 
became  twofold„  The  primary  concern  was  for  the  pilot  to  recog 
nize  radio-equipped  vehicles  to  which  direct  voice  contact  could  b 
established.  The  secondary  concern     was  recognition  of   super 
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Figure  1. — Left,  Marking-  originally  used  to  identify  all  district  vehicles. 
Now  used  to  identify  all  vehicles  not  equipped  with  shortwave  radio. 
Right,  All  district  vehicles  marked  with  the  crossbar  are  equipped  with 
shortwave  radio. 


visory  vehicles,  not  i-aciio  equipped,  that  required  use  of  drop 
tubes.  This  latter  class  was  significant  in  that  the  vehicles  of 
park  and  forest  rangers  in  the  north  end  of  the  district  were 
not  radio  equipped. 

To  solve  this  problem,  all  radio-equipped  vehicles  now  have 
a  white  crossbar  painted  between  the  parrallel  bars,  forming  a 
large  H  on  top  of  the  cab.  All  district  vehicles  regardless  of  their 
primary  work  function  now  carry  either  the  parallel  bars  or  the 
large  H. 

During  the  severe  summer  fire  seasons  of  1954  and  1955  and 
the  hazardous  spring  season  of  1955,  the  pilots  of  the  aircraft 
and  the  forestry  personnel  who  often  flew  with  them  to  direct 
control  activities  found  these  simple  markings  made  it  possible 
for  them  to  identify  key  vehicles  rapidly.  It  also  speeded  establish- 
ment of  contact  with  the  ground  forces,  especially  by  radio. 


INTEGRATING  PREVENTION  INTO 
FIRE  CONTROL  PLANNING 

Craig  C.  Chandler 
Forester,  California  Forest  and  Range  Experiment  Station^ 

Historically,  fire  control  planning  has  been  concerned  prima 
rily  with  the  job  of  detecting  and  extinguishing  fires;  littl< 
effort  has  been  made  to  coordinate  fire  prevention  activities  witl 
suppression  and  presuppression  work.  But  history  is  a  record  o 
change,  and  now  is  the  time  to  progress  beyond  the  familia: 
pattern  of  fire  control  planning. 

Why  has  prevention  been  subordinated  or  excluded  fron 
planning?  One  reason  is  that  early  fire  control  objectives  wer« 
based  upon  the  need  to  keep  the  total  area  burned  annually  withii 
a  given  percentage  of  the  total  area  protected.  Show  and  Kotol 
established  that  the  total  area  burned  was  closely  correlated  witl 
the  percentage  of  fires  exceeding  10  acres.-  They  concluded  tha 
the  area  burned  could  be  reduced  to  an  acceptable  amount  onh 
by  prompt,  effective  attack  aimed  at  extinguishing  all  fires  ii 
their  initial  stages.  Under  this  concept  the  number  of  fire  start; 
IS  relatively  unimportant — providing  all  fires  are  quickly  con 
trolled. 

There  are  two  additional  reasons  why  prevention  has  no 
been  emphasized  in  fire  control  planning.  First,  planning  i;i 
usually  done  on  actuarial  principles,  that  is,  plans  are  based  oi 
past  experience.  Therefore,  in  the  planning  analyses  fire  occur; 
rence  is  considered  either  as  a  constant  or  as  having  a  constan 
trend. ^  Second,  transportation  and  communication  facilities  hav 
only  recently  advanced  to  the  point  where  prevention  and  sup 
pression  activities  could  reasonably  be  undertaken  by  the  same 
personnel  during  the  fire  season. 

As  a  consequence,  neither  the  official  Forest  Service  fir 
control  policy  (10:00  a.  m.  control)  nor  Hornby's  principles  o 
fire  control  planning*  provide  for  fire  prevention  as  an  inter 
grated  fire  control  activity. 

This  is  not  to  say  that  fire  prevention  has  been  ignored  o 
ineffective.  Far  from  it ;  the  national  forests  in  California  had  1 
percent  less  man-caused  fires  per  thousand  acres  in  1950-54  than 


'Maintained  at  Berkeley,  Calif.,  by  the  Forest  Service,  U.  S.  Departmer 
of  Agriculture,  in  cooperation  with  the  University  of  California. 

2 Show,  S.  B.,  and  Kotok,  E.  I.  the  determination  of  hour  contrc 

FOR  ADEQUATE  FIRE  PROTECTION  IN  THE  MAJOR  COVER  TYPES  OF  THE  CALIFORNI 

PINE  REGION.     U.  S.  Dept.  Agr.  Tech.  Bui.  209,  46  pp.,  illus.     1930. 

3H0RNBY,     L.     G.      FIRE     CONTROL     PLANNING     IN     THE     NORTHERN     ROCK 

MOUNTAIN  REGION.     North.  Rockv  Mtn.  Forest  and  Range  Expt.  Sta.  Pro; 
Rpt.  1,  179  pp.,  illus.     1936. 

^GlSBORNE,     H.     T.      HORNBY'S     PRINCIPLES     OF     FIRE     CONTROL     PLANNIN* 

Jour.  Forestry  37:  292-296.     1939. 
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in  1930-34,  and  25  percent  less  area  was  burned  per  thousand 
acres  by  man-caused  fires.  During  the  same  period,  the  percentage 
of  fires  exceeding  10  acres  remained  almost  constant,  while  the 
number  of  class  C  fires  decreased  in  approximately  the  same  pro- 
portion as  the  total  number  of  fires.  From  the  record  it  would 
appear  that  fire  prevention  efi:'orts  have  been  as  eflfective  as,  if 
not  more  effective  than,  increased  presuppression  and  suppres- 
sion activities  in  reducing  the  area  burned  on  the  national 
forests  of  California.  A  stepped-up  prevention  program  which 
would  bring  about  a  further  decrease  in  the  number  of  fires 
started  should  pay  off  equally  well  in  reducing  the  area  burned 
and  the  consequent  damage  to  natural  resources. 

To  insure  that  fire  prevention  plays  its  most  productive  role, 
it  must  be  integrated  with  the  planning  and  normal  operation  of 
the  fire  control  team.  Stathem '  summed  up  this  reasoning  in  the 
phrase  "A  prefire  rather  than  a  presuppression  organization."  To 
meet  the  requirements  of  a  prefire  organization,  principles  of 
fire  control  planning  should  be  developed  which  i-ecognize  the 
prevention  job  as  being  basic  to  successful  fire  control.  Once  fire 
control  agencies  are  organized  for  prevention,  they  may  achieve 
results  far  beyond  any  established  goals. 

Organizing  around  fire  prevention  need  not  sacrifice  the 
tested  standards  of  initial  attack  time  and  strength.  Actually 
some  California  national  forests  as  well  as  some  State  and 
county  units  are  modifying  fire  control  plans  to  emphasize  pre- 
vention. Many  standby  fire  suppression  crews  have  been  converted 
to  roving  prevention-firemen.  They  perform  prevention  jobs  while 
maintainmg  the  same,  or  improved,  standards  of  initial  attack. 
However,  to  achieve  maximum  benefits  from  a  reorganized  fire 
control  plan,  it  will  be  necessary  to  do  more  than  merely  shift 
functional  responsibilities  from  one  group  to  another.  If  fire 
prevention  is  to  be  integrated  into  fire  control  planning,  a  major 
reevaluation  of  planning  methods  is  needed. 


5STATHEM,   p.      A   "PREFIRE"   RATHER  THAN   A   "PRESUPPRESSION"   ORGANIZA- 
TION.    Fire  Control  Notes  15   (4)  :  32-87.     1954. 


DEN  TREE  FIRES  IN  MISSOURI 

OSAL  B.  Capps 
District  Forester,  Missouri  Conservation  Commission 

Smoking  squirrels  out  of  den  trees  is  an  old  Ozark  custom. 
Hill  people,  in  general,  see  nothing  wrong  with  this  method  of 
securing  ''meat  for  the  table"  until  they  realize  that  more  than  a 
game  law  violation  is  involved.  Some  see  fire  burn  their  property ; 
others  see  damage  to  someone  else's  property ;  some  realize  that 
many  squirrels  either  burn  in  the  blazing  dens  or  escape.  Then, 
too,  the  news  spreads  quickly  when  someone  is  convicted  in  court 
for  causing  forest  fires. 

Fires  caused  by  burning  den  trees  occur  more  often  neai 
population  centers  and  are  usually  started  by  urban  people  who 
were  born  and  reared  in  rural  areas.  Methods  used  to  smoke  out 
squirrels  include  placing  a  lighted  railroad  fusee,  igniting  dry 
leaves,  or  setting  fire  to  gasoline  in  the  base  of  a  hollow  tree. 

Den  tree  fires  are  more  of  a  nuisance  to  fire  control  personneJ 
from  an  acreage-burned  viewpoint  than  a  serious  threat.  They 
are  potentially  dangerous,  however,  in  areas  where  tower  cover- 
age is  poor.  State  organizations  interested  in  hunter-landowner 
relationships  also  must  consider  the  ''No  Hunting"  signs  that  are 
often  posted  on  private  land  after  this  type  of  fire  has  arouset 
the  anger  of  the  owner  toward  hunters  in  general. 

The  Gasconade  District  of  the   Forestry  Division,   Missouri 
Conservation   Commission,  comprises  almost  2  million  acres  oJi 
privately  owned  land.  The  district  is  about  66  percent  forested 
and  Fort  Leonard  Wood,  Rolla,  and  several  smaller  towns  ard 
included  in  its  area.  Hunters  from  St.  Louis,  Jefferson  City,  and 
to  a  much  lesser  degree,  Kansas  City,  hunt  in  the  district.  Dei 
tree  fires  were  given  little  consideration  until  the  serious  drough 
years  of  1952,  1953,  and  1954.  In  normal  years  many  squirrel; 
are  probably  smoked  out  of  den  trees  without  the  trees  catching 
fire,  or,  if  the  trees  do  burn,  without  starting  active  forest  fires 
During  the  drought  years  practically  all  smoking-out  attempt; 
started  fires  in  den  trees  and  these  in  turn  caused  active  fores 
fires. 

Plans  were  made  in  late  1952  to  investigate  all  fires  mort 
thoroughly  in  an  effort  to  separate  den  tree  fires  from  debri; 
burning  fires.  Fire  prevention  activities,  including  law  enforce 
ment,  were  pointed  at  den  tree  fires.  Newspaper  and  radio  pub 
licity  was  given  to  the  number  of  fires,  the  damage  caused,  an( 
the  penalties  imposed  on  persons  convicted  in  court  for  starting 
such  fires.  An  "Every  Sportsman  a  Fire-fighter"  project  wa 
highly  publicized  on  a  statewide  basis  to  educate  the  sportsmai 
and  to  enlist  his  help  in  preventing  and  suppressing  fires. 

On  the  Gasconade  District  in  1953,  70  fires  (17  percent  of  a) 
fires)  were  definitely  started  by  hunters  attempting  to  smok 
squirrels  out  of  den  trees.  These  fires  burned  457  acres  an< 
accounted  for  9.5  percent  of  all  acreage  burned.  All  of  these  fire 
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were  investigated  to  determine  where  and  how  they  started. 
Evidence,  such  as  empty  shotgun  shells  near  the  den  tree,  was 
sought  and  an  attempt  was  made  to  find  out  who  was  hunting  in 
the  area  at  the  time  each  fire  started.  Such  facts  are  difficult  to 
determine  because  several  hours  may  elapse  before  the  smolder- 
ing fire  builds  up  enough  to  be  seen  from  towers  or  aircraft. 

As  a  result  seven  individuals  were  convicted  in  court  for 
''molesting  den  trees  by  setting  fire  to  trees"  or  for  "negligently 
causing  woods  to  burn  by  setting  fire  to  trees."  No  cases  were  lost 
and  fines  ranged  from  $1  and  court  costs  to  $50  and  costs.  Court 
costs  ran  about  $8.50.  The  average  fine  was  $25.14.  Where  evi- 
dence insufficient  to  prosecute  was  secured,  persons  who  had 
started  fires  were  contacted  and  warned. 

On  the  Gasconade  District  in  1954,  47  fires  that  started  from 
burning  den  trees  burned  155  acres.  This  was  16  percent  of  all 
fires  and  4.9  percent  of  all  acreage  burned.  Six  persons  were  con- 
victed in  court  for  this  type  of  fire  law  violation.  The  average 
fine  was  $8.50  and  court  costs  again  ran  about  $8.50  per  con- 
viction. One  man  was  sentenced  to  90  days  in  jail  with  the  sen- 
tence stayed  upon  good  behavior. 

Den  tree  fires  will  continue  to  be  a  nuisance  on  this  district 
for  several  years  and  will  be  particularly  troublesome  in  drought 
years.  This  type  of  fire  will  have  to  be  expected  and  planned  for 
at  all  times  but  should  decrease  in  occurrence  in  proportion  to 
the  effort  spent  in  educational  activities  and  law  enforcement. 
Rural  residents  who  smoke  out  squirrels  in  normal  years  become 
aware  of  the  danger  in  drought  years  and  are  much  more  careful 
than  their  city  cousins  who  frequently  have  no  interest  other 
than  "getting  meat  for  the  table"  or  a  lot  of  squirrels  to  brag 
about  when  they  go  home. 

The  city  man  who  wants  a  place  to  hunt  in  the  future  should 
take  heed — the  farmer  will  not  tolerate  hunters  who  damage  his 
property.  The  small  fire,  while  only  a  nuisance  to  fire  control  per- 
sonnel, may  damage  some  of  the  best  trees  a  farmer  owns.  Good 
sized  trees  are  frequently  killed  by  late  spring  and  early  fall  fires. 
Many  city  hunters  will  get  blamed  and  penalized  for  every  indif- 
ferent hunter  who  smokes  out  a  squirrel. 


SPRAY  PLANE  CHECKS  FIRE 

Division  of  Fire  Control 
Region  6,  U.  S.  Forest  Service 

Through  the  years  there  have  been  a  number  of  methods  ir 
which  aircraft  have  water  bombed  or  applied  water  to  grounc 
fires.  As  far  as  we  know,  the  spray-plane  method  of  applicatior 
described  herein  is  a  "first."  Two  important  points  need  to  b( 
understood  in  connection  with  the  operation:  pilot  skill,  anc 
fuel  type. 

Pilot  Skill: — Crop-dusting  spray  pilots  are  skilled  pilots.  Thej 
know  their  planes  and  just  what  can  be  expected  of  them.  Thej 
understand  low-level  downdrafts  and  cross  winds.  No  other  piloi 
spends  as  many  hours  flying  at  treetop  heights. 

Fuel  Type: — The  fuel  type  in  this  fire  was  cheatgrass. 
Cheatgrass  is  a  thin-stemmed  annual  now  present  to  a  greatei 
or  lesser  extent  in  all  the  western  States  except  Arizona  and  Nev^ 
Mexico.  When  cured,  cheatgrass  is  very  flammable.  Cheatgrasi 
fires,  especially  when  occurring  on  steep  slopes  or  when  wind 
driven,  are  fast  spreading.  Except  for  their  fast  spread,  they  ar« 
are  easy  to  control.  Because  of  the  fineness  of  the  stems,  cheat 
grass  fires  frequently  go  out  by  themselves  in  the  late  evening; 
with  the  rising  of  the  humidity.  A  very  minor  amount  of  spraj) 
will  bring  about  control. 

During  the  winter  of  1955  the  Wenatchee  Air  Service  ojI 
Wenatchee,  Wash.,  suggested  to  Fire  Staff  Officer  Bob  Beemani 
of  the  Wenatchee  National  Forest,  that  a  spray  plane  might  h\ 
of  value  in  checking  the  head  of  a  fast-spreading  fire  in  fuels  oil 
the  type  described.  Beeman  agreed. 

On  July  23  a  dry  lightning  storm  set  a  fire  on  the  slope  of  th 
Wenatchee  River  canyon  near  Cashmere,  Wash.  The  fuel  typ 
was  cheatgrass  with  scattered  sagebrush.  The  slope  was  steep 
Here  was  the  chance  for  a  test.  The  plane  used  was  a  135  horse 
power  super  cub  equipped  with  a  100-gallon  tank.  The  plan 
had,  mounted  on  its  wings,  twelve  i/t-inch  nozzles,  six  to  th 
side,  with  a  shut-off  control  from  the  cockpit. 

Pilot  Carey  made  2  runs  across  the  head  of  the  fire,  flyin 
with  1  wingtip  at  the  fire's  edge,  10  to  15  feet  above  the  grounc 
The  water  spread  was  approximately  33  feet,  the  air  resistanc 
breaking  the  water  up  into  a  fine  spray.  The  runs  were  mad 
on  the  uphill  side  of  the  fire  on  the  wind  side.  Water  discharg: 
w^as  1-1/2  gallons  per  second  and  the  plane  carried  enough  wate 
for  60  seconds  of  application.  One-quarter  mile  of  fire  front  wa 
covered  at  each  run. 

This  trial  proved  the  effectiveness  of  the  spray  in  checkin 
the  head  of  the  fire  and  gave  the  ground  crew  time  to  contrc 
the  flanks  without  difficulty.  The  fire  was  controlled  at  55  acres. 

In  reporting  this  experiment.  Supervisor  Blair  said,  "On  bein 
advised  by  Pilot  Carey  that  he  had  flown  10  to  15  feet  above  tic 
ground,  I  felt  that  this  distance  was  too  close  for  safety  and  tic 
possibilities  of  the  plane  being  caught  in  a  downdraft  were  t( 
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great  to  permit  a  continuation  of  this  practice.  I  am,  however, 
of  the  opinion  that  the  use  of  spray  planes  on  fires  of  certain 
types  has  possibilities  but  more  thought  needs  to  be  put  into  the 
risks  involved." 

The  Wenatchee  Air  Service  suggests  that  a  plane  of  greater 
horsepower  be  used,  such  as  a  Stearman  with  a  450-hp.  engine 
and  150-gallon  water  tank. 

Supervisor  Blair  commented,  **0n  this  particular  trial  no 
whetting  agent  was  used  in  the  water." 

It  is  not  likely  thai:  a  wetting  agent  would  have  been  of  any 
advantage.  There  is  no  evidence  that  it  increases  the  extinguish- 
ing power  of  water  on  an  extremely  fine  fuel  such  as  cheatgrass. 
Its  value  is  in  deep-seated  fuels  where  penetration  is  desirable, 
flowever,  a  fire  retardant  certainly  may  have  possibilities  in  fires 
such  as  this.  When  a  retardant  is  used  it  makes  no  difference  if 
the  fine  spray  does  dry  out  in  advance  of  the  fire  reaching  the 
line.  The  salt  deposits  on  the  fine  fuel  will  still  stop  the  fire  under 
many  situations. 

A  progress  report  on  Operation  Firestop  states :  "It  appears 
that  chemical  fire  lines  may  be  put  in  by  aerial  application."  A 
Sikorsky  S-55  helicopter,  as  was  used  in  the  California  tests, 
might  well  be  the  answer.  Military  cooperation,  however,  would 
be  necessary. 

In  the  fall  of  1947  a  wild  burning  prairie  fire  spread  over 
380,000  acres  of  South  Dakota  farm  and  grass  lands  in  2  days. 
Losses  were  in  excess  of  2  million  dollars.  Much  of  the  fire  line, 
in  situations  like  this,  could  be  *'laid  down"  from  the  air.  Canvas 
tanks,  similar  to  Harodikes,  could  be  made  to  fit  into  the  larger 
helicopters;  spray  booms  could  be  attached.  This  would  cost 
money,  but  so  does  a  2-million-dollar  fire. 

i^  i^  ir 

Published  Material  of  Interest  to  Fire  Control  Men 
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1955.  [Processed.] 


CANVAS  WATER  SHOW 

A.  B.  Everts 

Equipment  Engineer,  Division  of  Fire  Control,  Region  6, 

U.  S.  Forest  Service 

A  big  tank  truck,  with  water  capacity  of  500  to  1,500  gallons 
or  even  more,  roaring  up  to  a  hard-to-hold  sector  of  fireline  causes 
the  pulse  to  quicken.  It's  like  the  feeling,  akin  to  jubilation,  expe- 
rienced by  an  exhausted,  hard-pressed  line  construction  crew 
when  a  snorting  bulldozer  comes  crashing  through  the  brush. 
This  is  help,  real  help,  when  it's  needed  most. 

However,  big  tankers  cost  money.  There  are  never  enough  of 
them.  Frequently  there  aren't  any  at  all.  Does  this  mean  that  the 
use  of  water  on  holding,  control,  and  mopup  need  be  abandoned? 
Not  necessarily.  Here  is  an  opportunity  to  put  in  a  canvas 
''show" — provided  you  have  the  gear,  and  you  can  buy  a  lot  of 
gear  for  the  cost  of  one  300-gallon  tanker. 

Admittedly,  tankers  give  you  a  maneuverability  not  possible 
with  a  canvas  show.  In  that  respect  they  are  superior.  If  you 
can't  have  the  best  you  will  have  to  settle  for  less,  and  second 
best  might  very  well  be  a  canvas  show — unless,  of  course,  the 
available  water  is  such  that  you  can  operate  a  pumper  or  gravity 
show.  A  canvas  show  need  not  necessarily  be  fixed  or  immobile, 
as  we  shall  see. 

In  addition  to  hose  (which  might  be  considered  canvas),  noz- 
zles, and  in  many  situations  pumps,  a  canvas  show  layout  may 
utilize  any  or  all  of  the  following  gear:  Storage  tank,  gravity 
sock,  relay  tank,  transporting  tanks.  This  equipment  permits  a 
wide  range  of  combinations  in  various  water  show  setups. 

Storage  tank. — A  new  production  item  manufactured  by  a 
Midwest  firm  is  a  lightweight,  folding,  portable  1,000-gallon  tank 
(figs.  1  and  2).  The  tank  is  8  feet  3  inches  square  and  30  inches 


:ir 


FiGiTRE  1. — 1,000-gallon  storage  tank  set  up  for  use.  The  bulge  in  the  second 
section  from  the  left  is  the  spillway.  This  section  can  be  unlashed  and. 
lowered  for  quick  emptying  of  the  tank.  In  some  tanks,  it  may  be  w^orth- 
while  to  install  a  collar  with  a  lV2-inch  discharge  port  and  cap  near  the 
bottom  to  permit  the  use  of  a  gravity  line  instead  of  a  siphon. 
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Figure  2. — 1,000-g-allon  storag^e  tank. 

high ;  when  folded  it  takes  a  space  8  feet  3  inches  long,  30  inches 
highland  10  inches  wide.  The  frame  is  made  of  %-inch  O.D.  tubu- 
lar steel,  with  welded  joints  and  hinges.  Liner  material  is  No.  10 
waterproof  duck,  mildew  treated  and  vermin  resistant;  bottom 
and  side  seams  are  overlapped  and  double  sewn.  The  canvas  liner 
has  grommeted  holes  to  receive  the  heavy-duty,  long-strand  cot- 
ton, braided  rope  lashings.  The  tank  weights  119  pounds  and  costs 
S179.50  f .  o.  b.  the  factory. 

There  is  some  seepage  from  the  tank.  The  manufacturer  states 
that  it  amounts  to  20-25  gallons  in  the  first  4  hours.  Then  the 
iseepage  gradually  diminishes  until,  after  24  hours,  it  has  prac- 
itically  ceased. 

Gravity  sock. — Gravity  socks  or  intakes  have  been  in  use  for 
years  (fig.  3).  They  are  included  here,  because  there  are  many 
places  where  they  "^can  be  used  to  fill  the  1,000-gallon  storage 
tanks.  Tiny  rivulets  may  not  sustain  a  continued  pumping  opera- 
Ition,  but  the  collection  of  this  water  into  a  storage  tank  will 
permit  at  least  intermittent  pumping  or  gravity  use.  Several 
intakes  to  collect  ground  seepage,  such  as  occurs  around  springs, 
may  even  provide  sufficient  w^ater  for  continuous  use. 


14 


FIRE  CONTROL  NOTES 


Figure  3. — Gravity  intake  set 
up  for  a  gravity  line.  This 
water  supply  is  sufficient 
for  continuous  use  without 
a  storage  tank.  There  may 
be  occasions,  however,  when 
bring-ing-  the  water  into  a 
tank  on  a  road  will  pro- 
vide adequate  water  for 
several  tank  trucks. 


Relay  tank. — The  primary  purpose  of  a  relay  tank  is  to  boost 
water  to  a  fire  at  a  higher  elevation  than  could  be  reached  by  one 
pump  alone.  The  usual  method  is  to  set  up  a  pump  at  the  water 
source  and  pump  water  into  a  canvas  relay  tank  some  250-300 
feet  vertical  distance  above.  At  this  point,  a  second  pump  is  used 
to  boost  the  water  up  the  next  leg  of  the  relay,  or  to  the  fire,  as 
the  case  may  be.  Relay  tanks  may  fit  very  well  into  the  overall 
canvas  show,  to  bring  water  to  a  tanker  filling  point,  direct  to 
the  fire,  or  to  fill  the  storage  tanks  for  either  gravity  or  pumper 
operations. 

A  typical  relay  tank  has  a  capacity  of  about  75  gallons.  The 
canvas  is  treated,  mildewproof  duck,  reinforced  at  all  points  of 
stress. 

Transporting  tanks. — This  term  is  used  to  describe  the  self- 
supporting  pyramidal  tank  (fig.  4).  Since  they  are  completely 
enclosed,  they  are  ideal  for  transporting  water  in  pickups,  dump 
or  stake  trucks,  or  most  any  other  type  of  vehicle.  Available  in  2 
sizes,  150-  and  300-gallon,  they  can  be  used  to  haul  water  to  a 
1,000-gallon  storage  tank.  The  300-gallon  size  weighs  only  24 
pounds  empty,  and  2  of  this  size  will  fit  easily  on  a  1 1/2-ton  truck. 
Present  cost  of  the  pyramidal  tanks  is  $99  for  300-gallon  and 
$83.50  for  150-gallon  size,  f.  0.  b.  the  eastern  factory.  They  are 
mildew  treated. 

The  Pacific  Northwest  region  of  the  Forest  Service  has  many 
opportunities  to  use  canvas  advantageously,  especially  in  connec- 
tion with  fall  slash  burning.  In  calendar  year  1954,  21/^  billion 
board-feet  of  timber  valued  at  more  than  34  million  dollars  was 
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Figure  4. — Siphoning-  water  into  a  pyramidal  tank  for  storag-e. 

;ut  on  the  national  forests  in  the  region.  A  vokime  of  cut  such 
IS  this  produces  a  large  and  sometimes  complex  slash  disposal 
)roblem.  The  time  during  which  broadcast  burning  can  be  done 
s  limited  by  weather  conditions,  but  unlike  the  ''regular  season" 
ire,  there  is  time  for  sizeup  and  advance  planning. 

Broadcast  burning  of  slash  offers  an  excellent  opportunity  to 
itudy  fire  behavior,  and  many  of  our  men  are  becoming  quite 
Mept  at  recognizing  possible  trouble  spots.  More  and  more  water 
^hows  are  being  laid  out  in  advance  to  handle  these  expected 
fritical  areas. 

The  region  has  an  average  of  1.7  small  slipon  tankers  per 
anger  district.  The  pumps  on  these  slipons  can  be  quickly  re- 
noved  and  used  in  the  same  manner  as  portable  pumpers.  In 
iddition  there  is  an  average  of  1.5  portable  pumps  per  district. 

Access  to  the  slash  areas  is  no  problem,  and  many  of  the  cut- 
mg  areas  are  on  steep  ground  where  gravity  systems  are  a 
[natural."  The  1,000-gallon  storage  tanks  can  be  quickly  moved 
rom  one  cutting  area  to  another.  Any  water-carrying  vehicle  can 
>e  used  as  a  nurse  tanker  to  keep  them  filled,  and  they  in  turn 
,re  a  source  for  filling  the  small  slipon  tankers  or  for  pump  or 
:ravity  shows.  These  tanks  are  a  welcome  addition  to  our  equip- 
cient. 


FIRES  ARE  SMALLER  ON  THE  APALACHICOLA 
RANGER  DISTRICT 

H.  R.  Raum^ 

District  Ranger,  Florida  National  Forests 

The  total  number  of  fires,  most  of  them  caused  by  lightning, 
has  not  substantially  decreased  since  1939  on  the  Apalachicola 
Ranger  District.  However,  a  greater  percentage  of  these  fires  is 
confined  to  smaller  size  classes.  A  definite  increase  in  percent  of 
Class  A  and  Class  B  fires  is  accompanied  by  a  noticeable  reduc- 
tion in  percent  of  Class  C  fires  and  a  minor  reduction  in  Class  D 
and  E  (fig.  1).  While  this  chart  is  not  meant  to  represent  regular 
and  steady  yearly  progress  in  controlling  fires  when  they  are 
small,  it  does  show  the  trend  toward  this  goal  over  the  15-year 
period  1939-53.  Protected  national-forest  acreage  lost  to  wildfire 
annually  has  decreased  from  one-third  of  one  percent  during 
1939-43  to  one-fifth  of  one  percent  during  1949-53. 
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Figure  1. — Trend  in  percent  of  fires  on  the  Apalachicola  Ranger  District  by 

size  classes,  1939-54. 


^Now  on  the  Supervisor's  staff,  North  Carolina  National  Forests,  Ashe 
ville,  N.  C. 
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Several  factors  have  contributed  to  this  trend.  The  increased 
ise  of  mechanized  equipment  to  replace  manpower  since  the  close 
)f  the  CCC  period  is  probably  the  most  important.  The  chart 
ndicates  the  beginning  of  the  trend  to  smaller  fires  at  about  this 
same  time.  The  Apalachicola  Ranger  District  is  equipped  with 
leavy-duty  tractors  and  plow  units  of  the  TD-9  Mathis  type 
:ransported  on  21/2-ton  tandem-drive  trucks.  Travel  time  to  fires 
las  been  materially  reduced  by  the  change  from  semitrailer  units 
;o  the  present  tandem-drive  vehicles.  The  replacement  of  man- 
ually operated  plows  with  hydraulic  units  and  the  development 
md  use  of  tanker  equipment  has  reduced  fire  control  time.  These 
'actors  have  resulted  in  a  corresponding  reduction  in  area  burned. 

State  highway  construction  in  this  district,  together  with 
construction  and  improvement  of  U.  S.  Forest  Service  roads,  has 
speeded  up  control  action,  especially  in  the  southern  part  of  the 
district.  In  some  areas  travel  time  has  been  cut  by  two-thirds 
because  of  improved  roads. 

A  carefully  planned  prescribed  burning  program,  designed  to 
'orm  patterned  barriers  against  large  fires,  has  played  an  im- 
Dortant  role  in  the  task  of  keeping  down  the  size  of  wildfires. 
Prescribed  burning  was  started  in  1943  on  this  district;  now 
\bout  20  percent  of  the  net  burnable  acreage  is  prescribe  burned 
mnually. 

We  are  compelled  to  depend  almost  entirely  upon  U.  S.  Forest 
Service  crews  for  suppression  action.  There  are  no  sources  from 
which  to  obtain  large  crews  of  fire  fighters  within  reasonable  time 
limits.  The  fact  that  fast  spreading  fires  in  flash  fuels  can  start 
within  a  few  hours  after  a  rain,  together  with  yearlong  fire  occur- 
rence, requires  that  we  apply  all  available  means  of  controlling 
[ires  while  they  are  small. 


INEXPENSIVE  ELECTRIC  STARTER  FOR 
PORTABLE  PUMP  ENGINES 

Melvin  a.  Freytag 

District  Forester,  Ohio  Division  of  Forestry 
The  starting  device  described  here  was  designed  and  built  by 
fire  control  personnel  of  the  Ohio  Division  of  Forestry,  New 
Philadelphia,  Ohio,  at  a  cost  of  $28.43  for  materials.  It  was  de- 
signed to  remedy  engine  starting  difficulties  experienced  with  a 
new  truck-mounted  portable  pump.  This  starter  has  now  under- 
gone sufficient  testing  to  assert  that  it  efficiently  fulffils  its 
purpose. 


Figure  1. 
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-Pulling  the  starter  handle  tightens  drive  belt;  moving  it  toward 
switch  will  close  contact  and  start  motor. 
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The  principal  part  is  a  rebuilt,  6-volt  automobile  starter 
notor  that  is  powered  through  cable  connection  to  the  truck 
storage  battery.  Power  is  transmitted  by  a  V-belt  from  a  2-inch 
v^-pulley  on  the  starter  to  a  5-inch  V-pulley  mounted  on  the  pump 
mgine.  The  starter,  which  is  hinge  mounted,  is  held  in  a  non- 
operating  position  by  a  coil  spring..  A  handle  is  mounted  on  the 
itarter  swinging  it  away  from  the  pump  motor  and  so  placing 
ension  on  the  drive  belt.  Side  motion  of  the  handle  permits 
Lctivating  the  starter  at  the  same  time  tension  is  applied  (fig  1). 

To  operate  starter,  pull  handle  until  sufficient  tension  is  ap- 
lied  on  the  drive  belt  to  transmit  the  power.  Then,  move  handle 
ideways  toward  switch  to  close  the  contact  and  start  motor. 
Vhen  pump  engine  starts,  release  tension  on  starter  handle  so 
oil  spring  can  return  starter  to  a  forward,  nonfunctioning 
►osition.  Remove  drive  belt  from  rotating  engine  pulley  to  pre- 
ent  wear. 

The  starter  can  be  detached  easily  from  its  base  to  permit 
emoval  of  the  pump.  The  pump  engine  can  be  started  in  the  field 
y  use  of  a  standby  starter  rope. 

i^  i?  ^ 

Oil  Drum  for  Parachuting   Portable  Pumper 

Parachuting  pumper  equipment  to  fire  fighting  crews  in  the  back 
ountry  may  spell  the  difference  between  a  fire  gettins^-  away  or  being-  con- 
rolled  while  small.  A  85-gallon  oil  drum  container  has  been  used  successfully 
J  protect  a  portable  pumper  dropped  by  parachute. 

The  top  of  the  drum  is  cut  out  and  the  pumper,  mounted  on  a  metal  pack 
ame,  is  bolted  by  four  wing-  nuts  to 
le  inside  of  the  drum  near  the  top. 
he  pumper  is  suspended  approxi- 
lately  4  inches  off  the  bottom.  Four 
ngs  are  bolted  to  drum  near  the  top 
»r  fastening"  the  parachute.  The  con- 
-iner  is  disposable.  Total  weight  of 
pntainer  and  pack  frame  is  about  37 
punds,  with  "Y"  pumper,  107  pounds. 

When  the  smaller  38-pound  pumper 
nit  is  used,  in  addition  to  the  pumper 
id  metal  pack  frame,  the  container 
Qlds  an  accessory  kit,  1  gallon  of  gas, 
id  500  feet  of  1-inch  linen  hose.  The 

rolls  of  hose  are  placed  in  the  bot- 
►m  of  the  container;  then  the  pumper 
placed  in  position  and  bolted  in. 
jhe  gas  and  accessories  are  placed  on 
p  of  hose  and  the  unit  is  ready, 
he  complete  outfit,  including-  con- 
Uner,  weighs  156  pounds. — Louis  F. 
EYAK,  Fire  Control  Aid,  Superior 
ational  Forest. 


METAL  PACK  FRAMES  FOR  PORTABLE 
PUMPERS  AND  POWER  SAWS 

Louis  F.  Deyak 

Fire  Control  Aid,  Superior  National  Forest 

Pack  frames  are  often  necessary  for  carrying  portable  pump- 
ers and  power  saws.  The  familiar  wooden  pack  frame  served  the 
purpose,  but  had  the  disadvantage  of  excessive  weight,  joints 
became  loose  after  limited  use,  wood  became  oil  soaked,  and  th( 
frame  was  hard  to  construct.  A  wooden  frame  sturdy  enough  t( 
stand  the  wear  was  too  large  and  cumbersome. 

A  metal  pack  frame  with  welded  joints,  which  eliminates  al 
of  the  above  disadvantages,  can  be  easily  constructed  from  i/^-ii^cl 
thin  wall  conduit    (fig.   1).   It  weighs  half  that  of  the  woodei 
frame  and  costs  about  |12. 
These  materials  are  needed : 

1     10-foot  length  of  Vs-inch  thin  wall  conduit. 
6     -^-inch  harness  rings. 
%-inch  harness  buckles. 

3/16-  by  2V2-inch  stove  bolts  with  wing  nuts. 
4-foot  length  of  %-inch  leather  strapping. 
14-foot  length  of  condemned  li/o-inch  linen  fire  hose, 
webbed  shoulder  straps  (as  used  on  fire  backpack  pumps)) 


Figure  1. — Metal  pack  frame:  Left,  portable  pumper  bolted  down;  rioh 
power  saw  in  place.  The  four  lengths  of  ll^-inch  linen  fire  hose  ai 
pulled  tight  by  means  of  %-inch  harness  buckles  and  leather  strappin 
riveted  to  the  ends. 
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A  portable  pumper  with  accessory  kit  and  suction  hose  can  be 
mounted  as  a  compact  unit  weighing  64  pounds  on  the  metal  pack 
frame.  The  1-inch  suction  hose  is  wrapped  around  the  pumper 
and  tied. 

The  mounted  saw  is  a  complete  unit  weighing  50  pounds.  The 
accessory  box  is  made  as  pai't  of  the  pack  frame  and  contains  an 
extra  saw  blade,  pliers,  6-inch  screwdriver,  8-inch  adjustable 
wrench,  %-inch  socket  wrench,  spark  plug  wrench,  one  connecting- 
link  and  rivet  assembly,  extra  spark  plugs,  a  few  extra  cutters 
and  rakers,  quart  of  oil  for  oil  reservoir,  and  notebook  and  pencil. 
The  saw  is  very  easily  dismounted  from  the  pack  frame  by  loosen- 
ing 2  wing  nuts  which  hold  the  beaver  tail  in  place,  loosening  the 
strap  which  holds  the  saw  to  the  pack  frame,  and  lifting  up. 

1^  1^  1^ 

Rear-Step  Push  Button  for  Enclosed  Cab  Fire  Trucks 

Safety  is  a  major  concern  of  every  fire  chief.  Here  is  one  device  that 
has  paid  dividends  in  added  safety.  Push  buttons  have  been  installed  on 
nearly  all  the  fire  trucks  of  the  Central  Rhode  Island  Firemen's  League.  The 
button  is  within  easy  leach  of  the  rear-step  riders  and  activates  a  bell  or 
buzzer  in  the  driver's  cab.  A  code  is  used  to  transmit  emergency  instructions 
to  the  driver. 

This  system  of  communication,  long-  in  use  between  tillermen  and  drivers 
of  aerial-ladder  trucks,  was  adopted  by  the  West  Greenwich  Fire  Department 
after  a  disastrous  incident  last  year.  Working  close  to  the  flames  of  a  forest 
fire,  one  of  the  riders  on  the  rear  step  had  the  misfortune  to  have  his  shirt 
catch  fire.  The  flames,  fanned  by  wind  created  by  the  truck's  passage  down 
the  road,  engulfed  the  unfortunate  fireman.  The  other  rear-step  riders 
shouted  to  the  driver  to  stop,  but  they  could  not  be  heard.  The  flaming  man 
was  forced  to  jump  from  the  rear  step.  He  was  followed  by  two  fellow  fire- 
men who  promptly  extinguished  the  flames.  However,  the  burns  sufi'ered  by 
this  fireman  were  so  serious  that  he  was  hospitalized  for  a  long  period. 

The  Hopkin's  Hill  Fire  Department,  on  learning  of  the  emergency  com- 
munication installations  on  the  West  Greenwich  Fire  Department  trucks, 
adopted  the  device  for  their  own  trucks.  Shortly  after  rear-ste]i  push  buttons 
had  been  installed,  a  dramatic  proof  of  their  usefulness  was  enacted. 

While  answering  an  alarm  at  45  m.  p.  h.  one  of  the  fire  trucks  lost  a 
tie-rod!  A  fireman,  following  in  his  own  automobile,  saw  the  tie-rod  fall  ofi". 
Quickly  breasting  the  rear-step  riders,  he  told  them  what  had  hapi:)ened  and 
to  slow  the  racing  fire  truck  gradually  to  a  halt  "so  they  wouldn't  fetch  up 
in  a  heap!" 

Using  the  buzzer  code,  the  rear-step  riders  instructed  the  driver  to  bring 
the  truck  slowly  to  a  halt.  Whereupon  the  driver  jumped  to  the  ground, 
demanding  angrily  to  know  what  in  blazes  they  thought  they  were  doing! 
They  pointed  to  the  tie-rod  being  brought  up  by  the  fireman  in  the  automobile 
and  suggested  it  be  put  back  on  the  truck  before  going  any  farther.  This 
rear-step  push  button  for  emergency  communication  is  a  safety  device  of 
wide  usefulness. — Anne  C,  Holst,  Cedar  Hill  Forest  Fire  Experiment  Sta- 
tion, Cedar  Hill  Fire  Department,  Coivesett,  R.  I. 


AIR  DELIVERY  OF  WATER  HELPS  CONTROL 
BRUSH  AND  GRASS  FIRES^ 

Joseph  B.  Ely,  Fire  Control  Officer,  Mendocino  National  Forest 
and  Arthur  W.  Jensen,  Forestery  Division  of  Forest  FiVi 
Research,  California  Forest  and  Range  Experiment  Statio'i 

Dropping  water  or  fire-retardant  chemicals  from  low-flyinj 
aircraft  can  help  ground  forces  control  brush  and  grass  fires.  Tha 
such  water  drops  are  practicable  has  been  demonstrated  by  ; 
recent  series  of  field  trials  and  calibration  tests  conducted  by  th- 
Mendocino  National  Forest  and  the  California  Forest  and  Rang 
Experiment  Station  in  cooperation  with  the  Willows  Flying  Serv 
ice,  the  California  Division  of  Forestry,  and  the  Arcadia  Equip 
ment  Development  Center.  As  much  as  120  gallons  of  water  at  . 
time  was  carried  to  fires  in  an  airplane  normally  used  for  cro; 
dusting  and  other  agricultural  purposes.  Water  dropped  through 
a  single  outlet  designed  by  the  Willows  Flying  Service  prove 
effective  in  quieting  hot  spots  on  large  fires  and  in  retardin 
spread  of  small  fires  in  brush  and  grass. 

Previous  studies  have  established  several  guidelines  for  droj 
ping  water  from  aircraft:  (1)  The  danger  to  men,  equipmen 
and  buildings  prohibits  the  use  of  missiles  or  droppable  contair 
ers — in  fact,  any  projectile — in  populated  areas  or  as  close  suji 
port  to  fire  fighters  on  the  ground.  (2)  Aircraft  must  be  maneii 
verable  and  have  a  considerable  reserve  of  power.  (3)  Piloit 
should  be  capable  of  flying  close  to  rough  topography  and  (i 
achieving  pinpoint  accuracy  with  safety.  (4)  Water  dropped  fre<* 
fall  reaches  the  ground  and  has  a  significant  effect  on  some  firee: 

In  consideration  of  these  guidelines,  it  was  decided  to  test  till 
adaptability  of  an  agricultural  aircraft  as  an  aerial  tanker,  am 
to  attempt  drops  of  uncontained  water  on  fires. 

At  the  suggestion  of  the  fire  control  staff  of  the  Mendocirj 
National  Forest,  the  Willows  Flying  Service  adapted  a  450-hors 
power  biplane  used  in  agricultural  work  for  trial  as  an  aeri 
tanker.  The  spray  equipment  connected  to  the  160-gallon  tank 
the  fuselage  was  removed  and  a  single  outlet  was  installed  at  t]t 
base  of  the  tank. 

The  outlet  measures  7  by  18  inches  and  is  constructed  of  hea^ 
sheet  metal.  The  outlet  gate  is  hinged  at  the  front  and  has 
rubber  gasket  to  insure  watertight  seal.  At  first,  when  the  ga; 
was  opened  by  tripping  a  simple  latch  from  the  cockpit,  the  su 
den  release  of  water  caused  the  plane  to  jump  about  100  feet  a] 
the  pilot  to  black  out  temporarily.  This  difficulty  was  corrected  " 
equipping  the  outlet  gate  with  a  controlling  lever  which  permitt 
the  pilot  to  open  the  gate  more  slowly  in  all  subsequent  tests. 


^Reprinted  in  part  from  **Air  Delivery  of  Water  Helps  Control  Bri  i 
and  Grass  Fires,"  by  Joseph  B.  Ely  and  Arthur  W.  Jensen.  U.  S.  For  : 
Serv.  Calif.  Forest  and  Range  Expt.  Sta.  Forest  Res.  Note  99,  12  pp.,  ill  . 
1955. 
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Preliminary  trials  conducted  in  early  August  1955  over  flat 
ground  at  an  airport  showed  that  water  could  be  dropped  success- 
fully. In  the  first  trial,  120  gallons  of  water  was  dropped  from 
an  elevation  of  30  feet  at  an  airspeed  of  80  miles  per  hour.  The 
water  from  this  drop  covered  an  area  approximately  30  feet  wide 
and  285  feet  long.  A  test  fire  in  grass,  20  feet  wide  and  600  feet 
long,  required  three  120-gallon  loads  of  water  and  10  minutes  of 
follow-up  work  by  hand  for  control. 

The  next  step  was  to  try  water  drops  on  actual  wildfires.  In 
three  trials  during  August  the  air  tanker  proved  to  be  of  con- 
siderable help  to  ground  forces  although  in  one  of  these  it  was 
apparent  that  too  much  was  expected  of  a  single  plane. 

The  Mendenhall  fire  of  August  12  covered  about  400  acres  in 
grass,  brush,  and  timber ;  crowning  uphill ;  weather  hot,  dry,  and 
wind}^  The  plane  supported  initial  action  forces  on  flank  in  grass 
and  mixed  oak  with  240  gallons  of  water  in  2  loads.  Support  was 
effective  where  used,  but  there  was  too  much  line  for  one  plane 
to  handle. 

With  the  weather  hot,  dry,  and  windy,  the  August  13  Menden- 
hall fire  of  700  acres  was  temporarily  controlled  at  head  and  one 
flank.  Lower  end  of  fire,  burning  downhill  in  chamise,  became  too 
hot  to  handle  by  direct  attack  and  threatened  to  outflank  existing 
control  lines.  The  plane,  refilling  repeatedly  at  nearby  airport, 
delivered  600  gallons  in  5  loads  to  15  chains  of  lower  end  of  fire. 
Fire  cooled  down  enough  so  that  attack  forces  were  able  to  build 
control  line  along  fire  edge.  Fire  fighters  stated  they  could  not 
employ  direct  attack  until  flames  were  suppressed  by  plane.  In 
this  trial,  120  gallons  applied  in  6  passes  was  not  nearly  so  effec- 
tive as  when  applied  in  3  passes. 

The  John  David  place  fire  on  August  15  was  in  bottom  of 
narrow  box  canyon  with  adjacent  slopes  rising  2,000  feet  on  one 
side  and  5,000  feet  on  the  other.  Cover  consisted  of  medium- 
density  mixed  brush  with  grass.  Head  of  fire  controlled  but  hot- 
burning  corner  threatened  to  outflank  control  line.  Corner  too  hot 
for  direct  attack  and  moving  too  fast  for  indirect  attack.  Refilling 
at  nearby  airport,  plane  delivered  480  gallons  in  4  loads  to  hot 
corner  by  flying  up  and  down  the  canyon.  Water  cooled  down  hot 
corner  enough  to  allow  men  to  complete  their  control  line  close 
to  fire  edge.  District  ranger  and  others  reported  air  tanker  instru- 
mental in  control. 

On  initial  attack  the  loaded  plane  was  dispatched  from  its 
Willows  base  immediately  after  ground  forces  were  started  to 
fire.  At  the  same  time,  aviation  gasoline  and  a  water  tanker  were 
sent  to  the  airport  nearest  the  fire.  A  reconnaissance  plane,  in 
communication  with  ground  forces  and  the  ^'refill"  airport,  cor- 
related the  ground  and  air  activities.  In  the  future  the  company 
plans  to  fly  a  maintenance  mechanic  to  the  airport  to  refuel  and 
load  the  air  tanker,  do  maintenance  work  as  necessary,  and  pre- 
vent damage  to  the  plane  by  well-intentioned  but  inexperienced 
personnel  during  the  loading  operations. 

It  was  apparent  that  air  delivery  of  water  made  this  aircraft 
a  practical  fire  fighting  tool,  but  quantitative  information  was 
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needed  to  improve  tactical  methods  for  water  delivery.  Accord- 
ingly, a  limited  series  of  tests  was  conducted  to  obtain  the  follow- 
ing information :  (1)  Effect  of  plane  height,  plane  speed,  and 
wind  velocity  and  direction  on  amount  and  distribution  of  water 
received  on  the  ground.  (2)  Amount  of  water  loss  to  be  expected 
during  summer  fire  weather.  (3)  Effect  on  amount  and  distribu- 
tion of  dropping  part  of  total  load  in  each  of  several  runs  (mul- 
tiple passes)  with  pilot  aiming  for  same  spot  each  time.  (4)  Prac- 
ticability of  dropping  a  sodium-calcium  borate  fire-retardant. 
(5)  Amount  of  penetration  of  water  and  retardant  into  brush 
cover. 

Although  this  aircraft  can  carry  a  maximum  of  160  gallons 
of  water,  nominal  full-load  tests  were  made  with  125  gallons  of 
water  or  100  gallons  of  retardant.  At  elevations  normally  exper- 
ienced on  the  Mendocino  National  Forest  this  is  the  maximum 
safe  load. 

During  the  tests  wind  velocity  varied  from  calm  to  8  miles 
per  hour,  air  temperature  from  80°  to  110°  P.,  and  relative 
humidity  from  6  to  19  percent. 

The  patterns  of  distribution  from  these  tests  were  roughlj; 
oval,  from  4  to  7  times  longer  than  wide.  When  the  full  load  was 
released  in  one  pass  the  greatest  concentration  of  water  was 
obtained  when  the  airplane  was  flying  at  low  speed  and  low 
elevation  into  the  wind.  Both  higher  speed  and  greater  elevation 
increased  the  total  length  of  pattern  but  gave  lower  concentration  i 

About  75  percent  of  the  water  reached  the  ground  in  measur-' 
able  quantities  in  the  low-altitude,  low-speed,  headwind  tests 
about  65  percent  in  the  higher  altitude,  cross  wind  tests.  At  toi:i 
speed  and  low  elevation,  about  70  percent  of  the  water  releasee 
reached  the  ground.  Only  20  to  30  percent  of  the  water  reaching, 
the  ground  was  in  concentrations  of  1  gallon  or  more  per  10( 
square  feet.  Apparently,  wind  direction  and  velocity  are  the  mos'i 
important  factors  affecting  percent  of  water  reaching  the  grounc 
in  a  useful  pattern. 

Relatively  high  concentration  was  obtained  when  a  40-galloi 
load  was  dropped  in  one  pass  as  compared  with  a  125-gallon  loac 
dropped  in  multiple  passes.  In  making  more  than  one  pass  with 
a  capacity  load,  the  manually  operated  outlet  gate  was  only  par^ 
tially  opened  for  each  pass  because  it  could  not  be  closed  againsi 
a  full-stream  discharge.  As  a  result,  only  about  half  of  the  wate  i 
reached  the  ground  in  measurable  quantity.  More  rapid  releas 
of  water  should  result  in  greater  concentrations  for  all  sizes  o- 
loads. 

In  medium  and  light  brush  there  was  no  significant  differenc 
between  the  amounts  of  water  received  at  the  crown  and  on  th 
ground.  In  heavy  brush,  however,  there  was  considerable  varia 
tion — from  20  to  90  percent  as  much  water  reaching  the  grouni 
as  was  received  at  crown  level. 

Results  from  the  retardant  tests  were  similar  to  those  obtaine  ( 
with  plain  water.  However,  the  heavy  sodium-calcium  borat 
suspension,  weighing  10  pounds  per  gallon,  did  not  disperse  a 
readily  as  water  and  had   a  smaller  distribution  pattern  wit 
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particularly  heavy  concentration  in  the  center.  Penetration  into 
heavy  brush  was  more  uniform  than  with  water ;  45  to  60  percent 
of  the  amount  received  at  the  crown  level  reached  the  ground. 
The  standing  brush  w^as  well  coated  with  retardant. 

Conclusions  and  Recommendations 

These  limited  tests  have  shown  that  water  or  chemical  dropped 
free-fall  from  small  airplanes  can  have  significant  effect  on  small 
grass  and  brush  fires,  or  on  some  parts  of  large  ones.  To  obtain  the 
greatest  concentration  of  liquid  on  the  ground,  the  airplane  should 
fly  as  low  and  as  slowly  as  conditions  permit  and  as  nearly  into 
the  wind  as  possible.  The  more  rapidly  water  is  released,  the 
greater  the  concentration  will  be.  Increasing  the  altitude  or  air 
speed  or  dropping  in  a  cross  wind  will  give  greater  area  coverage 
but  will  reduce  concentration. 

As  with  all  specialized  tools,  the  aircraft  used  for  aeria!  tank- 
ers must  be  in  top  mechanical  condition.  Also,  pilots  must  be 
experienced  both  in  flying  under  mountain  conditions  and  in  low- 
level  air  drops.  Pilots  are  cautioned  to  watch  for  sudden  jumps 
when  releasing  large  amounts  of  water.  They  should  avoid  a  tail- 
down  plane  attitude  when  dropping  from  low  heights  to  minimize 
effects  of  slipstream  on  the  water. 

One  aerial  tanker  has  been  of  significant  assistance  to  ground 
crews  on  fires.  Indications  are  that  several  planes  used  in  quick 
succession  will  not  only  be  more  efficient  but  may  be  able  to  hold 
temporarily  short  pieces  of  hot  fire  line.  It  is  not  necessary  to 
evacuate  the  target  area  as  these  uncontained  water  drops  are 
not  dangerous  to  personnel. 

Considerable  work  still  needs  to  be  done  before  the  aerial 
tanker  can  become  a  common  fire  fighting  tool.  The  optimum 
speed,  altitude,  direction  of  flight,  and  method  of  releasing  the 
water  or  chemical  for  each  tactical  situation  need  to  be  deter- 
mined. Information  is  needed  on  the  amount  of  water  or  chemical 
required  to  affect  fires  under  diflferent  fuel  and  burning  condi- 
tions. More  test  drops  should  be  made  under  a  greater  variety  of 
weather  and  fuel  conditions,  particularly  at  wind  velocities 
greater  than  those  encountered  in  these  tests.  A  means  of  closing 
the  outlet  gate  against  a  full  stream  of  water  is  needed  to  permit 
higher  concentrations  of  water  than  are  now  possible  in  multiple- 
pass  drops.  Ground-to-air  communication  should  be  improved  for 
better  tactical  use. 


PACKBOARD  HOSE  LAY 

Fire  Control  Personnel 
Cajon  Ranger  Disirici,  San  Bernardino  National  Forest 

During  the  past  two  fire  seasons,  the  Cajon  District  of  th 
San  Bernardino  National  Forest  has  developed  a  quick  an 
efficient  system  for  making  a  hose  lay,  by  use  of  hose  packed  o 
a  packboard.  Where  tankers  cannot  get  close  to  a  fire,  a  600-  t 
800-foot  hose  lay  can  be  run  and  water  delivered  at  the  nozzle 
in  2  minutes. 

The  pack  consists  of  100  feet  of  1-inch  cotton  jacket  or  20 
feet  of  1-inch  nylon  jacket  hose,  packed  on  a  10-  by  21-inch  pacl^ 
board.  The  hose  is  tied  to  the  packboard  in  such  a  manner  tha 
it  will  come  off  easily  and  not  become  tangled  (fig.  1). 

Using  100  feet  of  the  cotton  jacket  hose,  the  packing  is  starte 
with  the  male  connection  or  nozzle  first  (fig.  1,  B) .  The  hose  i 
then  folded  lengthwise  on  the  packboard  until  there  are  7  fold 
(hose  overlaps -the  ends  of  the  packboard  about  3  to  4  inches) 
This  layer  is  then  tied  tight  in  3  places,  using  2  strands  of  cotto 
string  at  each  place.  Ordinary  light  cotton  string  is  used  becaus 
it  will  break  easily  when  the  hose  is  run  out. 

After  the  first  layer  is  securely  tied,  the  second  layer  is  place 
on  top  of  it  with  seven  folds  and  the  ends  even  with  the  bottor 
layer.  This  layer  is  then  tied  tight  to  the  packboard  with  mor 
string  (fig.  1,  C) .  The  last  layer  has  six  folds,  ending  with  th 
female  connection  on  the  side  and  near  the  bottom  of  the  pac 
(fig.  1,  D) .  This  last  layer  is  also  tied  to  the  packboard  wit 
string.  To  insure  against  the  pack  coming  apart  before  it  is  read 
to  use,  the  whole  pack  is  tied  with  two  straps  that  are  fastenc' 
to  the  packboard  (fig.  1,  A). 


Figure   1. — A,   Packboard   ready,  with   straps,  for  loading  hose;   B,  C,  1 
layers  of  hose  properly  placed  and  tied. 
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If  200  feet  of  nylon  jacket  hose  is  used,  the  procedure  is  the 
same,  except  the  first  layer  of  hose  has  14  folds.  The  second  layer 
has  13  folds,  and  the  third  layer  12. 

One  Siamese  hose  lay,  of  which  many  variations  can  be  used 
to  meet  varying  conditions,  requires  a  5-man  crew  with  at  least 
1,000  feet  of  hose.  Initial  hose  lay  consists  of  200  feet  of  lV2-inch 
cotton  jacket,  rubber-lined  hose,  800  feet  of  1-inch  nylon  jacket, 
rubber-lined  hose  in  4  packs,  a  IV-z-  to  1-inch  reducer  Siamese 
shut-off  valve,  a  1-inch  Siamese  shut-off  valve,  and  2  nozzles. 

Foreman  carries  packboard  with  200  feet  of  1-inch  hose  and 
nozzle,  and  pulls  lV2-inch  hose  with  reducer  Siamese  out  200  feet 
from  tanker.  To  the  Siamese  he  attaches  the  hose  packed  by  No.  1 
nozzleman  who  is  following  20  feet  behind  him.  Foreman,  No.  2 
nozzleman,  and  utilityman  proceed  400  feet  out  to  position  for 
1-inch  Siamese.  Utilityman  hooks  foreman's  hose  to  one  side  of 
Siamese  and  No.  2  nozzleman's  hose  to  other  side.  Foreman  starts 
flanking  fire  in  one  direction,  No.  2  nozzleman  in  the  opposite 
direction.  When  No.  1  nozzleman  arrives  with  more  hose,  the 
!  foreman  gives  him  nozzle  and  is  then  free  to  direct  action  on  fire. 

I  No.  1  nozzleman,  who  has  been  20  feet  behind  foreman  helping 
pull  lV2-inch  hose,  proceeds  200  feet  after  his  hose  is  hooked  up 
to  Siamese.  He  then  hooks  the  utilityman's  hose  to  the  hose  lay, 
and  returns  to  Siamese  to  await  signal  from  utilityman  to  turn 
on  water.  After  turning  on  water,  he  takes  pack  with  200  feet 
of  hose,  which  has  been  brought  to  the  first  Siamese  by  the  truck 
operator,  and  proceeds  out  hose  line  to  relieve  foreman  of  nozzle. 
The  hose  he  is  carrying  is  extra. 

Utilityman  takes  packboard  with  200  feet  of  hose  and  the 
1-inch  Siamese.  He  follows  20  to  30  feet  behind  No.  1  nozzleman 
and  helps  pull  li/2-inch  hose.  He  stays  behind  No.  1  nozzleman 
until  200  feet  beyond  first  Siamese.  Here  his  hose  is  hooked  into 
hose  lay,  and  he  follows  foreman  200  feet  to  where  he  attaches 
second  Siamese.  He  then  signals  No.  1  nozzleman  for  water  to 
this  point.  After  this,  he  hooks  foreman's  hose  to  one  side  of 
Siamese  and  No.  2  nozzleman's  to  the  other.  He  then  controls  the 
water  from  this  point  or  can  go  after  tools  and  more  hose. 

No.  2  nozzleman,  carrying  packboard  with  200  feet  of  hose  and 
nozzle,  follows  20  to  30  feet  behind  utilityman  and  helps  pull 
11/2-inch  hose.  When  he  reaches  second  Siamese  his  hose  is  hooked 
up  to  one  side  and  he  proceeds  200  feet  around  fire. 

Tank  truck  operator  checks  truck  and  starts  pump  to  charge 
;  11/2-inch  line  to  first  Siamese.  He  takes  shovel  and  packboard  with 
200  feet  of  hose  to  the  Siamese  and  then  stands  by  where  he  can 
control  the  pump  or  the  Siamese  in  case  of  broken  hose.  He  also 
acts  as  utilityman  in  relaying  hose  or  tools. 


FIRE  EXTINGUISHERS,  THEIR  TYPES  AND  US] 
V.    VAPORIZING  LIQUID 

A.  B.  Everts 

Equipment  Engineer,  Division  of  Fire  Control,  Region  6, 
U.  S.  Forest  Service 

Vaporizing  liquid  is  perhaps  the  best  known,  after  water,  c 
the  extinguishing  agents.  This  type  of  extinguisher^  is  ofte 
reierred  to  as  a  "Pyrene,"  which  is  the  name  of  only  one  of  tl: 
many  companies  that  manufacture  this  particular  type  of  pumj 
gun.  The  layman  thinks  of  vaporizing  liquid  as  carbon  tetri 
chloride  (referred  to  as  CTC),  but  this  is  not  the  only  one  c 
even  the  best.  And  therein  lies  the  renewed  interest  in  vaporizin 
liquid.  Many  compounds,  with  long  names,  are  still  undergoin 
tests  and  the  best  one  probably  has  not  yet  found  its  way  int 
general  use. 

Vaporizing  liquid,  as  the  name  indicates,  is  a  liquid  that  whe 
directed  on  a  fire  quickly  vaporizes  into  gas.  The  gas  smothei 
the  fire.  An  intense  fire  will  bring  about  quicker  vaporizatio 
than  a  smoldering  fire.  Since  a  smothering  agent  will  not  cool  th 
burning  fuel,  vaporizing  liquid  is  not  as  effective  on  Class  r 
fires  as  a  quenching  and  cooling  agent;  that  is,  water  or  foan 
However,  vaporizing  liquid  (VL)  will,  and  has,  extinguished  man 
small  fires  of  this  type.  Success  depends  on  the  type  of  fire.  Pap^ 
burning  in  a  metal  wastebasket,  for  instance,  can  be  quick] 
snuffed  out  by  VL  (as  by  COJ,  but  fires  in  overstuffed  furnituri 
wood,  or  other  deep-seated  fires  are  not  that  easily  handled.  R^ 
ignition  will  quickly  follow.  VL  is  rated  as  a  Class  B  and  Class 
extinguisher,  but  because  of  its  knockdown  of  small  Class  A  fire 
it  is  often  thought  of  as  a  universal  type  of  extinguisher. 

In  a  series  of  test  fires,  8  pounds  of  pine  needles  making 
layer  about  2  inches  thick  in  a  4-  by  4-foot  frame  were  used.  Ti: 
fire  was  extinguished  only  once  by  1/2  quart  of  CTC ;  in  oth( 
attempts,  reignition  occurred  immediately.  This  is  why  timb( 
fallers  using  power  saws  on  national-forest  timber  sales  in  son 
regions  are  required  to  carry  a  shovel.  The  small  extinguish< 
may  handle  a  small  gasoline  fire,  but  when  the  fire  involves  f  ore ; 
fuels,  a  shovel  is  needed  to  build  line  or  throw  dirt. 

How  to  use  the  extinguisher. — On  Class  A  fires,  direct  the  V 
stream  at  the  base  of  the  flames.  On  Class  B  fires  (flammab 
liquids)  best  results  are  obtained  when  the  discharge  from  tl 
extinguisher  is  played  against  the  inside  of  the  wall  of  the  co: 
tainer,  just  above  the  burning  surface.  The  stream  should  not  I 


^For  more  information  on  classes  of  fires  and  types  of  extinguishers  se 
Fire  Extinguishers,  Their  Types  and  Use.  I.  Carbon  Dioxide  Extinguishes, 
II.  The  Dry  Chemical  Extinguishers,  III.  Water-type  Extinguishers,  a 
IV.  Foam  Extinguishers,  by  A.  B.  Everts.  Fire  Control  Notes  15  (4)  :  1 
illus.  1954;  16  (1):  9-12,  illus.  1955;  16  (2):  24-26,  illus.  1955;  17  (1 
12-18,  illus.  1956. 
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directed  into  the  burning  liquid.  Where 
possible,  the  operator  should  walk 
around  the  fire  while  directing  the 
stream  so  as  to  get  maximum  coverage 
during  the  discharge  period. 

On  Class  C  fires,  especially  fires  in 
live  electric  motors,  VL  is  an  excellent 
extinguishing  agent.  The  reason  is  that 
the  stream  can  be  directed  into  the 
small  openings  of  the  motor  housing 
easier  than  is  possible  with  CO.  or  dry 
chemical.  There  is  no  danger  from  elec- 
tric shock  and  no  residue  is  left  on  the 
motor. 

Types  of  VL  extinguishers. — There 
are  a  number  of  types  and  sizes  of  VL 
extinguishers : 

1.  The  hand  pump  type,  which  has 
ben  in  use  for  many  years,  is  manufac- 
tured in  a  number  of  sizes:  1-,  IVi-^ 
II/2-,  and  2-quart,  and  1-,  2-,  and  8- 
gallon. 

2.  Stored  pressure  type  (figs.  1  and 
2).  All  the  major  manufacturers  now 
make  VL  extinguishers  that  can  be 
pressurized  with  air,  COo,  or  nitrogen. 
This  type  has  a  gage  by  which  the  pres- 
sure can  be  easily  checked  to  insure 
that  the  extinguisher  is  properly 
charged.  Internal  pressure  is  usually 
150  pounds.  Most  of  these  are  1-quart 
size. 

These  extinguishers  can  be  charged 
directly  from  a  service  station  air 
chuck,  the  same  as  is  used  to  inflate 
tires.  All  service  stations,  however,  do 
not  carry  150  pounds'  pressure  on  their 
compressors.  CO..  is  favored  as  a  pres- 
sure medium.  However,  if  CO.  is  used 
in  cold  climates,  the  pressure  decreases 
as  cold  weather  sets  in.  The  pressure  can  be  brought  up  to  the 
recommended  150  pounds,  but  as  spring  and  summer  come  around 
again,  some  of  the  pressure  should  be  drained  off.  This  can  be 
done  by  turning  the  extinguisher  upside  down  and  releasing  some 
of  the  CO,  gas. 

3.  *'One-shot"  disposable  extinguishers.  These  contain  16 
ounces  of  CTC  and  are  pressurized  with  CO..  A  small  copper 
tube  runs  to  the  bottom  of  the  can.  To  put  the  extinguisher  into 
use,  a  ring  is  pulled  to  break  the  copper  tube  where  it  is  crimped 
at  the  top  of  the  can.  These  extinguishers  are  comparatively 
cheap. 

4.  The  little  8-ounce  pressurized  extinguisher  that  is  carried 
by  many  timber  fallers  for  use  on  power  saw  fires.  The  agent  in 
this  extinguisher  is  chlorobromomethane   (CBM). 


FiGXTRE  1. — Cutaway  of  a 
stored  pressure  VL  ex- 
tinguisher. The  inside  si- 
phon tube  is  flexible  so 
that  more  of  the  liquid 
can  be  discharged  when 
the  extinguisher  is  in  a 
near  horizontal  j)osition. 
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Figure  2. — Extinguishers  1,  3,  and  4  are  all  1-quart  VL  stored  pressure 
extinguishers.  All  have  pressure  gages.  Extinguisher  3  can  be  pressur 
ized  in  the  field  with  the  large  COi;  cartridge  shown  above  it.  Extin 
guisher  2  is  a  1%-quart  water  type  of  extinguisher  known  as  "aircraf 
type,"  and  designed  for  Class  A  fires  in  cabins  of  airplanes.  It  is  pres 
surized  with  a  small  CO2  cartridge  which  is  inserted  in  the  handle  an<f 
ruptured  (by  turning)  when  put  into  use.  The  four  small  objects,  uppe  ; 
left,  are  small  capacity  fog  nozzles  used  on  these  extinguishers  in  aii 
experiment  to  see  whether  fog  is  more  effective  than  a  straight  streairr, 


While  all  these  extinguishers  were  designed  for  using  vapor 
izing  liquids,  there  is  no  reason  why  they  cannot  be  used  fo: 
expelling  any  kind  of  liquid.  A  fog  tip  will  give  spread,  if  sucl' 
is  desired.  The  aircraft  type,  using  plain  water,  is  good  pro 
tection  for  Class  A  hazards  in  the  home.  A  fire  retardant  can  als( 
be  used.  There  is  a  wide  price  range  depending  on  the  type  anci 
size. 

Types  of  vaporizing  liquid. — There  are  a  number  of  vapor 
izing  liquids  used  in  fire  extinguishers : 

1.  Carbon  tetrachloride  is  the  best  known  and  the  cheapesi; 
It  is  treated  with  components  for  depressing  the  freezing  poin 
to  50°  F.  below  zero. 

2.  Chlorobromomethane  (CBM),  aslo  called  bromochloro 
methane,  is  a  German  discovery.  It  is  claimed  that  1  pound  o 
CBM  is  equal  to  2  pounds  of  CTC.  It  will  not  freeze  at  tempera, 
tures  above  100°  F.  below  zero.  CBM  is  more  expensive  than  CTC 

3.  Azeotropic  chloromethane  (CM-7)  is  still  another  com 
pound  recently  developed  which,  it  is  claimed,  will  not  produc 
toxic  gas  as  the  result  of  application  to  a  fire. 

4.  Bromotrifluoromethane  has  shown  remarkable  extinguish 
ing  ability  in  tests  conducted  by  the  Navy. 

There  are  others.  Some  of  them  are  used  in  mixtures  wit 
methal  bromide  and  with  ethyl  bromide.  Research  objective  i 
to  find  a  low  freezing  point  liquid,  with  the  greatest  fire  e> 
tinguishing  ability,  without  a  hazardous  release  of  toxic  gas. 
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WARNING:  Too  much  stress  cannot  be  placed  on  extreme 
are  in  the  use  of  VL  fire  extinguishers  in  enclosed  places.  This 
5  especially  true  of  CTC.  It  should  never  be  used  as  a  cleaning- 
olvent.  Take  heed  to  Robert  Palmer,  Industrial  Hygiene  En- 
ineer,  Oregon  State  Accident  Commission,  who  reported:  *'No 
atelligent  person  would  think  of  running  his  automobile  in  a 
arage  with  the  doors  closed,  yet  carbon  tetrachloride  is  four 
imes  as  poisonous  as  carbon  monoxide.  It  is  nearly  half  as  dan- 
•erous  as  deadly  hydrogen  cyanide.  Phosgene  gas,  produced  when 
arbon  tetrachloride  comes  in  contact  with  any  hot  surface,  is 
en  times  as  toxic  as  hydrogen  cyanide.  Three-fourths  of  a  tea- 
poonful  of  carbon  tetrachloride,  evaporated  and  equally  dis- 
L'ibuted  in  the  air  of  a  room  10  feet  long,  10  feet  wide  and  10 
eet  high,  will  produce  a  toxic  concentration.  Just  three  drops 
f  carbon  tetrachloride,  sprayed  onto  a  fire  and  converted  into 
hosgene  will  affect  the  health  of  a  person  in  the  same  room  .... 

'There  are  many  more  cases  of  minor  to  severe  carbon  tetra- 
hloride  poisoning  on  record,  and  no  one  knows  how  many  un- 
eported  cases  because  the  symptoms  of  carbon  tetrachloride 
oisoning  are  often  just  like  kidney  or  liver  ailments  of  an 
rganic  nature.  Also  the  effects  are  often  slight  and  temporary, 
'hat  is,  they  seem  to  be  temporary,  but  the  damage  done  by 
arbon  tetrachloride  is  permanent  and  the  effects  may  not  show 
p  for  months  or  even  years  after  exposure  and  the  unfortunate 
ictim  may  have  forgotten  that  he  was  ever  exposed  at  all." 

If  you  are  depending  on  CTC  for  home  protection  for  an  oil 
urnance  or  stove,  or  for  an  electric  range,  be  sure  you,  your 
/ife,  all  members  of  your  family  are  aware  of  this  hazard.  It 
5  probably  safer  to  change  to  CO.,  or  dry  chemical. 

Maintenance. — The  principal  point  in  connection  with  main- 
enance  of  CTC  extinguishers  is  to  use  a  good  grade  of  liquid, 
ot  the  type  that  is  used  for  cleaning.  In  inspections,  pour  the 
[quid  into  a  clean  container.  If  a  gray  scum  is  detected  it  is 
irobable  that  the  liquid  is  of  inferior  quality  and  that  water  is 
)resent.  Even  a  minute  amount  of  water  will  form  hydrochloric 
cid  which  will  cause  corrosion. 

Always  make  sure  that  the  discharge  port  or  nozzle  is  open 
nd  that  the  pump  operates  correctly.  In  the  pressurized  type, 
heck  the  gage  to  be  sure  the  pressure  is  right. 

The  manufacturers  say  '*never  use  water  in  the  extinguisher." 
Vhat  they  really  mean  is  that  water  should  not  be  used  to  test 
he  extinguisher  because  of  the  danger,  as  stated  above,  of  form- 
ng  hydrochloric  acid  when  the  extinguisher  is  filled  with  CTC 
Lgain.  There  is  no  reason  why  these  extinguishers  cannot  be 
ised  as  'Vater  type"  extinguishers,  especially  with  retardants 
md  a  noncorrosive  wetting  agent. 

Summary. —  (a)  The  VL  type  extinguisher  is  for  flammable 
iquid  fires  and  for  fire  in  electrical  apparatus.  It  is  also  effective 
)n  some  types  of  small  fires  in  paper,  textiles,  wood,  or  similar 
lebris.  (b)  It  is  by  far  the  most  dangerous  (if  vapors  are 
)reathed)  of  all  the  five  common  types  of  extinguishers.  Any- 
)ne  who  might  use  the  extinguisher  should  be  warned   of  the 
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hazard.  CTC  in  contact  with  flame  forms  gases  that  are  danger 
ously  toxic.  All  other  chemicals  are  reported  to  be  toxic  to  som 
degree,  (c)  Range  of  projection  varies  according  to  pressur 
medium,  type  of  extinguisher,  and  whether  the  liquid  is  dis 
charged  in  a  spray  or  straight  stream  (20-30  feet  in  some  straigh 
stream  types),  (d)  Costs  cover  a  wide  range,  depending  on  typ 
and  size,  (e)  Maintenance  requires  an  annual  check  and  use  of  . 
good  grade  liquid. 

Grenades  and  spray  devices. — In  addition  to  the  extinguisher 
already  described,  there  are  a  number  of  grenades  meant  to  b 
thrown  at  a  fire.  There  are  also  wall  and  ceiling  spray  devices 
some  of  them  pressurized  with  CO2,  with  fusible  links  whic" 
will  bring  about  automatic  release  when  the  temperature  reache 
160°  F.  Many  of  these  are  excellent  when  properly  installed,  bu 
it  is  obvious  that  a  toxic  agent  should  not  be  used  in  such  device 
m  any  location  where  there  is  the  possibility  of  the  release 
fumes  or  gases  being  breathed  by  humans. 

t:  f:  i^ 

Portable  Fuel  Moisture  Scale 

Increased  research  in  fuel  moisture  problems  and  increased  interest  ; 
using"  paired  sticks  in  the  timber  edge  and  in  the  slash  as  a  guide  to  slaj 
burning  raised  a  demand  for  a  portable  fuel  moisture  scale  that  could  1 
carried  from  station  to  station.  Since  none  was  available,  the  standard  sea 
was  adapted  in  the  following  manner. 

A  level  vial  was  secured  to  the  face  of  the  scale  near  the  graduation  aii 
The  scale  was  then  put  into  a  vise  and  the  standard  100-gram  weig} 
attached  to  the  balance  in  the  usual  manner.  With  the  slide  set  at  100,  tl 
scale  was  then  rotated  to  obtain  a  reading  of  '*0."  In  this  position  the  lev 
bubble  was  set  to  read  level.  To  operate,  the  scale  is  held  at  the  top  edge  1 
the  right  hand  and  rested  vertically  on  any  support.  The  fuel  moisture  stic' 
are  hung  on  the  scale,  the  level  bubble  is  brought  to  center  and  held  the 
while  the  fuel  moisture  is  read  from  the  graduation  arc  in  the  usual  mann(^ 

Because  some  situations  do  not  provide  a  place  to  rest  the  scale,  a  stii 
with  brackets  was  provided.  This  staff  is  a  standard  ^-inch  by  4-foot  dow 
rod  with  a  short  pin  in  one  end.  Two  small  angle  aluminum  brackets  we 
attached  to  the  center  back  of  the  scale  plate.  The  bottom  one  had  a  ^^-in  ( 
hole  drilled  and  reamed  to  allow  the  dowel  to  slide  freely.  The  top  brack 
had  a  smaller  hole  for  insertion  of  the  pin  in  the  dowel.  To  operate,  t 
dowel  is  slid  through  the  bottom  bracket  and  the  pin  inserted  in  the  t 
bracket.  The  staff  is  rested  on  the  ground,  the  scale  grasped  in  the  rig 
hand  and  the  fuel  moisture  read  as  previously  explained. 

In  some  locations,  wind  swinging  the  sticks  is  a  problem.  This  can 
solved  by  a  sheet  of  metal  bent  in  a  "U"  and  staked  in  a  vertical  positi 
at  the  site.   The  scale  is  then  rested  in  a  position  so  that  the  sticks  ha  1 
inside  this  wind  deflector.  A  similar  wind  shelter  may  be  made  by  drivi 
three  1-  by  6-inch  picket  boards  into  the  ground. — Williaivi  H.  Larson,  Ch 
Fire  Warden,  Washington  Forest  Fire  Association. 
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Bracket  on  Backpack  Can  for  Canvas  Bucket 


A  T-shaped  bracket,  cut  from  medium-gage  galvanized  tin,  is  soldered 
to  a  backpack  pump  can.  This  is  a  handy  way  to  keep  a  collapsible  canvas 
bucket  readily  available  for  filling  the  pump. — Louis  F.  Deyak,  Fire  Control 
Aid,  Superior  National  Foreirit. 

i^  -i^  ^ 

Fire  Prevention  Note 

During  the  1955  hunting  season,  the  Coconino  National  Forest,  South- 
western Region,  used  a  short  form  letter  as  a  means  of  contacting  hunters 
and  campers  who  were  not  in  camp  at  the  time  the  fire  prevention  guard 
or  patrolman  passed  by.  The  mimeographed  letter  was  printed  on  golden- 
orange  paper  to  obtain  greater  legibility  and  as  a  reminder  of  the  Forest 
Service  Golden  Anniversary.  It  read  as  follows: 

Dear  Mr.  Hunter: 

One  of  your  Forest  Rangers  has  visited  your  camp  while  you  were  out. 
The  reason  you  probably  picked  this  spot  to  camp  is  that  it  is  located  in  a 
place  you  thought  to  be  clean  and  beautiful.  When  you  are  ready  to  leave, 
please  look  at  it  once  more  and  ask  yourself  if  it  looks  the  same  as  you 
found  it.  Others  will  appreciate  anything  you  do  to  help  keep  your  camp 
and  the  woods  clean. 

As  you  know,  the  forest  is  extremely  dry  and  FOREST  FIRES  may  start 
at  any  time.  Please  build  your  campfire  on  bare  ground,  in  a  safe  place, 
away  from  logs,  brush  and  litter.  Make  sure  your  fire  is  DEAD  OUT 
whenever  you  leave  camp.  The  Ranger  who  visited  your  camp  may  have 
some  suggestions  to  make  that  may  help  you. 

1 

2 


Thank  you  for  your  cooperation.  Please  stop  one  of  our  fire  patrolmen  if 
they  can  be  of  assistance. 

Good  luck  on  your  hunt. 

Very  truly  yours, 

Forest  Supervisor 

By 

There  was  also  sufficient  space  on  the  form  for  the  patrolman  to  off"er 
suggestions  that  would  help  the  sportsman  to  enjoy  his  stay  in  the  Forest, 
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(This  is  a  good  reminder  of  a  practice  used  from  time  to  time  in  varioi 
other  Forest  Service  regions.  For  example,  the  "courtesy  ticket"  includ 
smoking  rules  in  effect  at  the  time.  Thus,  the  visitor  is  informed  on  tl 
specifics  of  safely  using  his  Forest  playground.— Ed.)— Franklin  0.  Carro 
Assistant  Fire  Staff  man,  Coconino  National  Forest. 


^ 


^ 


TV  Helps  Prevent  Forest  Fires  in  Texas 

Texas  leads  the  Nation  with  35  television  stations  operating  in  the  Sta1 
Construction  permits  have  been  issued  for  an  additional  10  stations.  The 
are  more  than  90,300  television  sets  on  Texas  farms  and  ranches — nearly 
for  every  3  rural  homes. 

Approximately  25  percent  of  all  woods  fires  in  Texas  in  1954  we 
caused  by  hunters.  To  discourage  them  from  smoking  game  out  of  hollc 
trees  and  otherwise  causing  forest  fires,  much  of  the  fire  prevention  effo 
in  the  State  is  directed  toward  hunters. 

Chester    O'Donnell,    audio-visual    aids   specialist,    Texas    Forest    Servi( 
has  prepared  a  series  of  station-break  slides.  The  fire  prevention  messa^ 
station   call   letters,   and   channel   number   appear   on   each   slide.    Brief   fi 
prevention   copy   is   provided   for  the  announcer  to   read  while   the  slide 
in  view. 


Ch.8   Dallas 


WATCH 
THAT 
FIRE! 


I 


Several  other  station-break  slides  on  related  subjects  have  been  prepa. 
and  distributed  to  Texas  TV  stations.  These  include  "Observe  Arbor  D; 
and  ''Use  Your  Ash  Tray."  In  addition,  Texas  television  stations  are  mak 
extensive  use  of  educational  forestry  motion  picture  films  and  some  '.' 
forestry  programs. 

Through  the  use  of  television  the  Texas  Forest  Service  is  bringing  for 
fire  prevention  messages  to  the  homes  of  many  people  who  were  ne 
reached  before. — E.  R,  Wagoner,  Associate  Forestry  Educator,  Texas  Foi 
Service. 


INFORMATION  FOR  CONTRIBUTORS 

It  is  requested  that  all  contributions  be  submitted  in  duplicate, 
typed  double  space,  and  with  no  paragraphs  breaking  oyer  to  the 
next  page. 

The  title  of  the  article  should  be  typed  in  capitals  at  the  top  of  the 
first  page,  and  immediately  underneath  it  should  appear  the  author's 
name,  position,  and  unit. 

Any  introductory  or  explanatory  information  should  not  be  included 
in  the  body  of  the  article,  but  should  be  stated  in  the  letter  of  trans- 
mittal. 

Illustrations,  whether  drawings  or  photographs,  should  have  clear 
detail  and  tell  a  story.  Only  glossy  prints  are  acceptable.  Legends  for 
illustrations  should  be  typed  in  the  manuscript  immediately  following 
the  paragraph  in  which  the  illustration  is  first  mentioned,  the  legend 
being  separated  from  the  text  by  lines  both  above  and  below.  Illustra- 
tions should  be  labeled  "figures"  and  numbered  consecutively.  All  dia- 
grams should  be  drawn  with  the  type  page  proportions  in  mind,  and 
lettered  so  as  to  permit  reduction.  In  mailing,  illustrations  should  be 
placed  between  cardboards  held  together  with  rubber  bands.  Paper 
clips  should  never  be  used. 

When  Forest  Service  photographs  are  submitted,  the  negative  num- 
ber should  be  indicated  with  the  legend  to  aid  in  later  identification 
of  the  illustrations.  When  pictures  do  not  carry  Forest  Service  num- 
bers, the  source  of  the  picture  should  be  given,  so  that  the  negative 
may  be  located  if  it  is  desired. 

India  ink  line  drawings  will  reproduce  properly,  but  no  prints 
(black-line  prints  or  blueprints)  will  give  clear  reproduction.  Please 
therefore  submit  well-drawn  tracings  instead  of  prints. 
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FIRE  EFFECTS   IN   SOUTHERN   HARDWOODS 

E.  Richard  Toole  and  J.  S.  McKnight  ^ 

Much  of  the  bottom-land  hardwood  forest  in  the  Mississippi 
)elta  has  burned  repeatedly  during  occasional  severe  droughts 
hat  create  extreme  fire  hazards.  The  efforts  of  forestry  agencies 
.re  reducing  the  acreage  burned.  Even  so,  every  person  interested 
n  forestry  should  become  familiar  with  fire  damage  in  this  hard- 
v^ood  type.  A  single  fire  in  a  bottom-land  stand  can  completely 
mdo  20  or  30  years  of  careful  management. 

The  Sturdivant  Fire 

In  November  1952,  a  fire  swept  over  a  tract  in  the  Yazoo- 
llississippi  Delta.  It  might  have  been  just  another  fire,  except 
hat  it  happened  to  burn  in  a  stand  where  the  Southern  Forest 
Experiment  Station  had  laid  out  an  experiment  to  measure  the 
growth  of  well-managed  hardwoods.  The  fire  knocked  out  the 
growth  study,  but  it  led,  directly  and  indirectly,  to  improved  know- 
edge  about  the  effects  of  fire,  and  to  suggestions  for  handling 
iamaged  timber. 

The  fire  began  early  one  morning  and  was  not  brought  under 
control  until  early  the  next  morning,  by  which  time  it  had  burned 
learly  1,200  acres.  As  with  most  large  blazes,  it  was  hotter  on 
>ome  areas  than  on  others,  and  hence  caused  varying  degrees  of 
iamage  to  the  timxber.  From  all  appearances,  though,  the  damage 
)n  the  70-acre  experimental  area  was  typical  of  that  over  the  en- 
:ire  tract. 

At  the  time  they  burned,  these  70  acres  were  beginning  to 
show  the  benefits  of  an  improvement  cut  made  5  years  before.  The 
nain  stand  consisted  of  about  111  trees  per  acre  that  ranged  in 
liameter  from  6  to  26  inches.  Three-fourths  of  these  trees  were 
vigorous  and  clean  boled,  likely  to  produce  high-quality  wood 
rapidly.  In  addition,  a  generous  stand  of  seedlings  and  saplings 
^^as  growing  thriftily  in  openings  where  mature  or  low-grade 
trees  had  been  logged  or  used  for  firewood. 

The  fire  virtually  wiped  out  this  promising  young  growth.  All 
seedlings  and  saplings  up  to  one  inch  in  diameter  were  killed  out- 
right. Trees  between  1  and  2  inches  in  diameter  did  not  fare  much 
better :  tw^o-thirds  of  them  were  killed  and  most  of  the  rest  were 
damaged.  Among  trees  between  3  and  5  inches  in  diameter,  mor- 
tality was  35  percent. 

But  the  worst  damage,  at  least  in  terms  of  immediate  financial 
loss,  w^as  to  larger  trees.  Where  the  fire  ran  with  the  wind  (head 
fire),  or  where  logging  slash  from  the  improvement  cut  increased 
the  fuel  supply,  33  percent  of  the  trees  larger  than  6  inches  in  di- 
ameter were  killed  outright.  Of  the  larger  trees  that  had  been 
classed  before  the  fire  as  having  exceptional  promise,  9  out  of  10 
were  killed  or  damaged  severely. 

'  Delta  Research  Center  of  the  Southern  Forest  Experiment  Station, 
Stoneville,  Miss.,  in  cooperation  with  the  Mississippi  Agricultural  Experiment 
Station  and  the  Southern  Hardwood  Forest  Research  Group.  The  Southern 
Forest  Experiment  Station  is  a  part  of  the  Forest  Service,  U.  S.  Department 
Df  Agriculture. 
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Where  the  fire  burned  across  or  against  the  wind  (flank 
backing  fires),  or  where  there  was  no  slash,  damage  was  son 
what  less.  Even  where  the  flames  were  least  hot,  however,  20  p( 
cent  of  the  high-grade  trees  were  either  killed  or  damaged  so  bac 
that  it  was  no  longer  a  paying  proposition  to  keep  them  in  t 
stand. 

Of  course,  there  will  be  new  growth  to  replace  the  loss  in  t 
seedling  sizes.  One  year  after  the  fire,  over  3,000  sprouts  or  se( 
lings  per  acre  were  found.  Nevertheless,  the  fire  set  the  seedli 
and  sapling  stand  back  at  least  5  years,  and  it  will  take  60  or 
years  to  replace  the  larger  high-quality  stems  that  were  killed 
damaged. 

Damage  to  Individual  Trees 

Trees  that  are  not  killed  by  fire  may  be  severely  damag 
that  they  have  little,  if  any,  value.  The  bark  on  at  least  one  si 
is  usually  burned  and  charred ;  at  first  glance  this  often  appears 
be  unimportant  (fig.  1 ) .  However,  when  these  trees  are  examir 
more  closely,  it  is  found  that  the  charred  bark  adheres  to  de 
wood.   By  the  third  year  rot  will  start  its  work. 

It  may  take   as   long  as   4   years   after   a   fire   for   rot 
reach  the  heartwood,  but  once  there  it  will  spread  steadily  upwg 
at  rates  varying  from  a  few  inches  to  nearly  a  foot  a  year.   Th 
what  should  be  the  most  valuable  part  of  a  tree  is  rendered  co 
pletely  worthless  after  15  to  20  years. 

The  amount  of  rot  to  be  expected  in  the  butt  log  of  a  tree  < 
pends  largely  on  the  size  of  the  original  wound  and  the  ti: 
elapsed  since  the  fire.  When  over  100  wounded  trees  were  ( 
amined  shortly  after  the  Sturdivant  fire,  it  was  found  that 
white  oaks  and  bitter  pecan  the  area  of  the  wound  was  nearly  1 
same  as  the  area  of  the  bark  char  (ratio  1:1).  In  red  oaks,  1 
wound  was  generally  2V2  times  as  high  as  the  bark  char,  thou 
the  width  of  red  oak  wounds  was  about  the  same  as  the  width 
the  char. 

Should  Damaged  Trees  be  Kept  in  the  Stand? 

Death  in  larger  hardwood  trees  can  be  determined  without  mi 
trouble.  But  when  a  valuable  tree  is  only  wounded,  the  for 
manager  must  decide  if  he  can  safely  leave  it  for  further  gro\ 
or  if  he  should  salvage  it  before  decay  sets  in.  Experience  w 
the  Sturdivant  fire  yielded  some  suggestions  for  cruising  or  ma 
ing  fire-damaged  hardwood  timber. 

Trees  killed  or  seriously  damaged  by  the  fire  should  be 
vaged  as  soon  as  is  feasible,  with  due  consideration  for  the  cutt 
cycle,  and  the  vigor  and  length  of  stem  of  each  affected  tree, 
generally  a  tree  should  be  salvaged  if : 

1.  The  bark  is  charred  for  more  than  6  feet  above  the  sti 
(regardless  of  the  width  of  the  char) . 

2.  The  char  extends  around  more  than  half  of  the  tree's 
cumference  and  reaches  more  than  2V2  feet  above 
stump. 
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In  estimating  the  extent  of  rot  behind  older  wounds,  and  the 
rot  to  be  expected  in  the  future,  it  is  helpful  to  keep  in  mind  that 
on  the  average : 

1.  Rot  does  not  start  in  the  heartwood  until  4  years  after  2 
fire. 

2.  Wounds  less  than  2  inches  wide  are  not  important  as  s 
source  of  rot. 

3.  Rot  exceeds  hollow  length  about  2  feet. 

4.  Rot  exceeds  butt  bulge  about  3I/2  feet. 

5.  In  10  years,  rot  will  extend  II/2  f^et  above  the  origina' 
scar  if  about  14  of  the  tree's  circumference  was  damaged 
If  more  than  14  of  the  circumference  was  damaged,  the 
rot  may  go  higher. 

Fire  Always  Hurts  Hardwoods 

The  Sturdivant  fire  was  put  out  more  than  3  years  ago,  bui 
research  on  it  and  other  burns  has  settled  once  and  for  all  som( 
facts  that  seem  obvious  but  are  often  forgotten.  In  hardwoods 
there  is  no  such  thing  as  a  harmless  fire.  All  fires  fry  the  reprO' 
duction  and  wound  the  larger  trees.  Any  wound  bigger  than  i 
silver  dollar  is  probably  going  to  admit  rot  that  will  surely  destroy 
the  valuable  butt  log. 

Hardwoods  are  indeed  hapless  in  the  face  of  fire. 

i^  i?  t? 

Tractor  Tilt  Indicator 

H.  A.  Yocum  has  designed  and  installed  a  simple  device  on  our  crawle: 
tractor  that  indicates  the  angle  of  tilt  on  a  side  slope.  This  practical  indicate: 
may  be  more  useful  than  most  of  the  commercial  tilt  indicators  available.  I 
particularly  lends  itself  to  adaptation  for  the  wide  range  of  stability  betweei 
the  various  tractors  used  by  the  service. 

The  device  is  a  plumb  bob  that  swings  inside  a  slotted  bar  with  a  dia 
behind  the  plumb  bob.  The  plumb  bob  swings  from  the  hood  above  the  instru 
ment  panel.  The  slotted  bar  is  fastened  to  the  hood  with  brackets  and  bolt 
holding  it  tight  against  the  instrument  panel.  This  bar  prevents  the  plum 
bob  from  swinging  away  from  the  instrument  panel  when  the  tractor  i 
traveling  upgrade. 

The  dial  consists  of  five  segments  of  a  circle  painted  in  three  colors  0 
the  instrument  panel.  The  extreme  limits  of  the  green  center  segment  indi 
cate  15-percent  slope;  of  the  two  yellow  segments,  30-percent;  and  of  the  tw 
red  segments,  45~percent.  This  calibration  allows  a  large  safety  factor.  0 
other  tractors,  and  under  other  operating  conditions,  a  different  calibratio 
may  be  preferred. 

While  the  plumb  bob  is  swinging  in  the  green,  no  special  safety  prt 
cautions  are  required  of  the  operator.  When  it  swings  into  the  yellow,  he  i 
required  to  start  slowing  down  from  maximum  operating  speed.  When  ; 
swings  into  the  red,  he  should  come  to  a  stop  or  nearly  so,  pick  a  less  pre 
cipitous  route,  and  proceed  at  a  speed  of  not  over  one  mile  per  hour  unt 
safer  ground  is  reached. 

There  is  a  slight  amount  of  friction  between  the  guide  bar  and  th 
plumb  bob  except  when  the  tractor  is  perfectly  level.  The  plumb  bob  won 
hang  up,  however,  even  when  the  tractor  is  going  up  or  down  very  stee 
slopes,  because  the  constant  movement  and  vibration  of  the  machine  coi 
tinually  shakes  it  free. 

This  device  has  worked  satisfactorily,  and  we  feel  it  can  be  effective  i 
reducing  potential  tip-overs,  and  is  particularly  useful  for  operator  trainiii'i 
purposes. — H.  H.  MUNTZ,  Southern  Forest  Experiment  Station.  mi 


RADIO  TRANSMISSION   CHECKER 

John  Barkdull 
Communications  Technician,  Boise  National  Forest,  R-4 

The  radio  transmission  checker,  as  illustrated,  has  been  made 
nd  used  extensively  in  Region  4  and  was  found  to  be  satisfactory, 
t  is  also  used  with  an  amphenol  83-lJ  connector  for  checking  an- 
enna  cables.    The  cost  of  the  unit  is  approximately  $1.    This 
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lecker  will  give  nontechnical  personnel  a  simple  visual  means  for 
etermining  whether  the  portable  radio  transmitter  is  operating 
ith  normal  output. 


BRUSH  SAWS  FOR  'HOT  SHOT"  CREWS 

Michael  A.  Roberts 
Foreman,  "Hot  Shot"  Crew,  San  Bernardino  National  Forest 

The  ''Hot  Shot"  crew  was  organized  to  be  a  well-trained,  fas' 
hard-hitting  line  hand  crew.  Toward  this  goal  foresters  are  a 
ways  alert  to  ways  and  means  for  securing  faster  and  better  r( 
suits  in  fireline  construction  with  less  fatigue  for  such  a  crew.  1 
is  well  known  that  line  construction  with  brush  hooks  and  axes  i 
good  but  very  slow  and  tiring.  The  problem  of  converting  chai 
saws  for  use  on  brush,  particularly  on  northern  slopes  in  souther 
California,  was  thoroughly  considered,  and  when  trial  proved  thi 
type  of  saw  effective,  a  number  were  purchased  for  this  use. 

The  21/2  horsepower  chain  saws  had  a  16-inch  bar  and  On 
gon  chipper  type  chains ;  the  Oregon  XX  type  chain  was  also  pui 
chased.  Only  one  piece  of  brush  could  be  cut  at  a  time  with  thi 
type  of  chain  saw  because  of  the  hazard  of  hitting  the  end  of  th 
saw  on  other  brush,  which  made  the  saw  jump  back  and  er 
dangered  the  operator.  To  reduce  this  hazard  and  make  the  sa^ 
more  effective  a  bow  type  attachment  was  purchased  (fig.  1).  Th 
chain  saw  demonstrated  on  the  fireline  that  it  would  cut  V2-inc 
brush  up  to  very  heavy  oak  12  inches  in  diameter  with  ease. 


;v  ^-/.'^Vi-.-,  i'-wm'^m^^^-^ 


Figure  1. — Left,  Sa 


i)(»\v  type  attachment  cutting  brush.   Rig  Jit,  Hi 
saw  team  packing  in. 


Teams  of  four  men  work  together.  One  man  operates  the  sa 

while  the  other  three  team  members  throw  the  brush  the  operat 

cuts.  A  man  works  as  an  operator  for  half  an  hour  at  which  tir 

another  member  of  the  team  takes  over  his  job.    In  the  develo 

ment  of  these  teams  problems  of  safety  were  encountered.    . 
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training  program  was  necessary  to  teach  the  teams  working  to- 
gether how  to  use  these  saws,  since  the  group  must  be  ever  con- 
scious of  the  hazard  of  the  chain  saw  while  in  operation. 

Transporting  the  brush  saw^  to  the  job  assignment  was  the 
next  problem.  A  rucksack,  used  as  a  carrying  case,  proved  very 
satisfactory  for  its  weight  of  only  30  pounds.  An  extra  quart  of 
oil,  a  quart  of  gear  oil,  extra  chain,  and  tools  fitted  easily  into  the 
extra  pockets  on  the  bag.  A  piece  of  lV2-inch  condemned  canvas 
hose  was  used  to  make  a  guard  for  the  chain. 

Judging  by  the  work  accomplished  in  using  these  brush  saws, 
we  would  recommend  that  they  be  tried  by  all  '*Hot  Shot"  and 
other  organized  crews.  Brush  saws  can  be  effective,  and  once  tried 
may  well  take  an  important  place  on  the  fireline. 


^ 


^ 


Transporting  Box  For  SF  Hondi-Talkie  Radiophone 

A  metal  box  lined  with  sponge  rubber  to  protect  a  SF  handi-talkie 
radiophone  while  being-  transported  by  motor  vehicle  has  been  developed  on 
the  Black  Creek  Ranger  District  by  Mechanic's  Helper  Elisha  Bond  (fig.  1). 
One  radiophone  was  carried  in  such  a  box  in  a  Forest  Service  pickup  for  18 
months  without  developing  mechanical  failures.  In  addition  to  the  protection 
afforded  by  the  shock-absorbent  qualities  of  the  sponge  rubber,  the  radiophone 
is  also  protected  from  dirt  and  dusL 


i^iGURE  1. — Left,  Closed  radio  transportation  box  constructed  of  aluminum 
plate.  Right,  Opened  box  showing  lining  of  sponge  rubber  and  radio- 
phone in  place. 


The  box  is  constructed  of  Vs-inch  aluminum  plate  and  is  lined  with  1^/4- 

nch  sponge  rubber.    Although  the  sponge  rubber  was  bolted  to  the  box,  an 

tiMhesive  could  be  used  satisfactorily.    A  box  16  inches  long,  6V2  inches  wide, 

,j|ind  7V2  inches  high  v/ill  accommodate  the  SF  handi-talkie  radiophone.    It  is 

ecommended,  however,  that  the  box  be  built  19  inches  long  so  that  a  spare 

^et  of  batteries  can  be  stored  in  the  container.    The  cost  of  the  box  is  more 

'han   offset   by   the    savings   in    radio    repairs   during   a   one-year   period. — 

t)ONALD  A.  PoMERENiNG,  District  Ranger,  Mississippi  National  Forests. 


TRUCKS  FOR  "HOT  SHOT"  CREW  ON  THE 
SAN  BERNARDINO  NATIONAL  FOREST 

Michael  A.  Roberts 

Foreman,  Del  Rosa  ''Hot  Shot"  Crew,  San  Bernardino 

National  Forest 

Equipment  plays  an  important  part  in  the  effectiveness  of  i 
fire  fighting  crew.  To  assist  the  well-trained  ''Hot  Shot"  crew  or 
the  San  Bernardino  National  Forest,  trucks  and  equipment  hav( 
been  developed  for  their  use.  The  basic  equipment  consists  of  i 
1/2-ton  pickup  with  seats  and  side  rails  and  two  1 1/2-ton  stakesidei 
with  toolbox  seats,  completely  equipped  with  handtools,  portabk 
radios,  headlamps,  rations,  and  two  brush  saws. 


Figure  1. — Left,  Truck  ready  to  roll;  rear  step  raised  and  in  place  for  trave.'! 
ing.  Right,  Crew  unloads  by  using  handrails  and  the  step  developed  si 
the  Arcadia  Equipment  Depot. 


FiGTHiE  2. — Tools  must  be  available  for  distribution  in  a  minimum  of  tim 
These  three  toolbox  seats  contain  brush  hooks  and  double-bitted  aX' 
(note  the  used  cotton  hose  as  guards  for  exposed  cutting-edges) ;  shove 
and  pulaski  tools;  and  McLeod  tools,  gas  for  brush  saws,  and  ext] 
chains. 

8 


FIRE  CONTROL  NOTES 


9 


Since  a  **Hot  Shot"  crew  should  basically  be  a  self-sustaining 
unit,  the  following  tools  are  carried  on  each  crew  truck : 

Shears,  pruning pair     2 

Brush  bobbers 3 

Hooks,  brush 10 

Pulaski  tools  8 


Shovels,  long-handled, 

round-pointed 10 

Hose  tool  guards  24 

McLeod  tools  8 

Axes,  double-bitted   7 

Saw,  felling 1 

Handles,  saw 2 

Wedges,  wooden  4 

Hammer,  sledge,  4-pound  1 

Oil,  saw quart     1 

Saws,  brush,  chain  2 

Chains,  brush  saw extra     2 

Fuel  for  brush  saw, 

in  safety  cans  gallons     2 

Oil,  brush  saw  quart     1 

Oil,  gear,  brush  saw  ....  quart     1 

Files 18 

Hose,  file  holders  18 


File  guards  18 

Handles,  file   18 

Canteens,  1-gallon  20 

Lamps,  electric,  head  24 

"A"  batteries  carton     1 

Fuses    24 

Gopher  gassers  carton     1 

"B"  batteries  extra     2 

Radio,  handi-talkie  1 

Rucksacks    2 

Knapsacks  9 

Rations,  emergency  ....  boxes     2 

Kit,  first-aid,  large  1 

Kit,  first-aid,  cylinder  1 

Kit,  first-aid,  belt 1 

Kits,  first-aid,  pocket  7 

Kits,  snake  bite  4 

Water  cooler,  15-gallon 1 

Dispenser,  paper  cup 1 

Extinguisher,  fire  1 

Blocks,  chock  2 


With  this  equipment  available,  the  crew  can  use  the  truck  as 
an  operating  base  during  the  initial  work  period.  Damaged  tools 
may  be  exchanged  for  new  ones.  Damaged  tools  should  be  replaced 
as  soon  as  the  crew  returns  to  the  fire  camp  or  headquarters. 

The  crew  trucks  are  designed  to  carry  men  and  tools  safely  to 
the  fire.  After  arrival  crews  must  unload  as  quickly  as  possible  for 
the  initial  attack  (fig.  1) .  Tooling  up  and  hitting  the  fire  must  take 
only  minutes  (figs.  2  and  3).  Additional  information  about  the 
equipment  and  its  arrangement  may  be  obtained  through  the  For- 
est Supervisor,  San  Bernardino  National  Forest,  P.  0.  Box  112, 
San  Bernardino,  Calif. 


Figure  3. — Left,  Two  canteen  boxes,  one  installed  on  each  side  underneath 
the  truck  bed,  keep  water  cool.    Right,  A  felling  saw. 


MECHANICAL  TRAIL  PACKER  HITS  THE  SILK 

A.  B.  Everts 

Equipment  Engineer,  Division  of  Eire  Control,  Region  6, 

U,  S.  E  or  est  Service 

[This  progress  report  illustrates  the  appeal  and  versatility  of  use  o: 
automotive  trail  transportation  equipment.] 

In  the  July  1955  issue  of  Eire  Control  Notes,  District  Rangei 
Parks  of  the  Payette  National  Forest  reported  on  ''A  Mechanica 
Mule."  In  a  footnote  the  editor  remarked,  **At  least  five  othei 
models  of  this  versatile  machine  are  being  designed,  tested,  or  pro 
duced  by  private  and  government  agencies."  This  article  report: 
on  one  of  the  commercial  models  and  some  of  the  modification: 
that  have  been  made  to  it  (fig.  1) . 

There  are  at  least  30  of  these  machines  in  use  in  the  region 
most  of  them  by  trail  crews.  They  are  so  common  that  they  are  n< 
longer  a  topic  of  conversation  and  it  is  quite  probable  that  we  hav< 
not  heard  some  of  the  interesting  stories  regarding  their  use 
Packing  lookouts  in  and  out  of  their  stations  is  commonplace.  Con 
siderable  ingenuity  has  been  exercised  by  various  individuals  fo 
improving  the  units  for  trail  use.  Stands  of  various  kinds  hav 
been  devised  to  hold  the  loaded  packer  upright  while  loading  au' 
unloading,  and  during  trail  stops. 

The  Wenatchee  Forest  has  one  equipped  with  a  winch  whic 
is  used  to  pull  out  small  stumps  on  a  trail  construction  job.  Thii 
forest  has  also  recently  completed  a  project  in  which  they  hav 
modified  a  packer  into  a  mobile  trail  compressor  unit.  The  unr 
complete  with  compressor,  drill  steel  and  bits,  jackhammer  an 
accessories,  weighs  655  pounds,  including  the  weight  of  the  packei' 


Figure  1. — This  model  of  the  packer  weighs  175  pounds  and  is  powered  wi 
a  21/^-hp.  4-cycle  motor.  Gasoline  consumption  is  16  miles  to  the  gallo 
two  speeds,  5  m.p.h.  and  2^2  m.p.h.   Present  cost  is  $175  f.o.b.  factory. 
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The  Mt.  Hood  Forest  has  used  the  packer  for  transporting 
rolls  of  paper  for  covering  brush  piles  in  connection  with  a  clear- 
cut  slash-disposal  experiment.  It  was  also  a  Mt.  Hood  2-man  trail 
crew  that  made  a  70-mile,  10-day  trail-opening  expedition  in  which 
all  their  tools  and  supplies  were  transported  on  a  packer. 

The  Wallowa- Whitman  Forests  have  a  trail  kitchen  packer, 
complete  with  plywood  built-ins,  that  brings  a  touch  of  conven- 
ience, if  not  luxury,  to  an  isolated  camp  (fig.  2) . 

We  have  not  yet  heard  of  anyone  using  the  packer  as  a  pump- 
ing unit  or  for  transporting  portable  pumps  into  a  water  ''show." 
If  it  hasn't  been  done,  it's  just  a  matter  of  time,  along  with  a  lot 
of  other  uses. 

The  manufacturer  of  the  packer  has  a  companion  unit  called 
the  ''trail  grader,"  which  is  giving  excellent  results  on  trail  con- 
struction jobs.  This  unit  has  considerable  promise  as  a  fireline 
digger  and,  while  we  do  have  some  figures  on  rates  of  fireline  con- 
struction, we  are  not  yet  ready  to  release  the  unit  without  more 
field  experience.  We  do  believe  that  in  many  types  of  fuel  the 
grader  will  do  the  work  of  six  to  ten  men  with  handtools. 

Also  now,  Francis  Lufkin,  Aerial  Project  Foreman  of  the 
North  Cascade  Smoke  jumper  Unit,  has  brought  up  the  idea  of 
using  the  packer  to  retrieve  smokejumper  equipment.  What's 
more ;  Lufkin  has  demonstrated  that  his  idea  is  sound. 


Figure  2. — The  Wallowa-Whitman  Forests  trail  unit  with  built-in  plywood 
box.  Complete  unit  includes  the  following  equipment:  Two  axes,  1  hazel 
hoe,  1  crosscut  saw,  1  pruning-  saw,  2  canteens,  3  sleeping  bags,  3  knap- 
sacks (personal),  3-nian  mess  kit,  1  gasoline  lantern,  1  gasoline  two- 
burner  stove,  1  tarp,  groceries  for  three  men  for  one  week.  Approximate 
load  is  300  pounds. 
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A  smoke  jumper's  **come-out"  equipment,  including  his  fire 
tools,  which  are  dropped  to  him,  weighs  about  105  pounds.  This  is 
a  sizeable  load,  even  for  the  young  huskies  that  hit  the  silk  on 
these  back-country  fires. 

In  times  past,  it  was  the  procedure  for  the  jumpers  to  back- 
pack their  equipment  out  to  the  nearest  trail  where  it  would  be 
picked  up  by  a  packstring.  This  still  occurs  to  be  sure,  but  in  this 
changing  world  packstrings  certainly  aren't  increasing  in  number, 
and  packing  is  beginning  to  be  spoken  of  as  a  "lost  art."  There 
are  still  plenty  of  mules.  The  same  cannot  be  said  of  packers,  how- 
ever. The  result  is  that  on  many  fires  the  jumpers  backpack  their 
equipment  ''all  the  way  out." 

Mr.  Lufkin  wants  to  change  this,  at  least  on  the  long  packs, 
and  it  looks  as  though  he's  going  to  do  it.  He  made  some  changes 
in  the  packer : 

(a)  Changed  the  clutch  arrangement  to  contain  its  own  tight- 
eners and  for  easier  control. 

(b)  Added  side  stands  to  hold  the  machine  upright  while 
motionless. 

(c)  Added  a  crazy  wheel  in  the  rear  to  eliminate  the  need  foi 
fore  and  aft  balancing. 

Then  Mr.  Lufkin  devised  a  way  to  break  the  machine  dowr 
into  two  parts  since,  with  the  accessories,  it  was  too  heavy  and  toe 
awkard  to  get  it  out  of  the  aircraft  door  easily  (fig.  3) . 


Figure  3. — Packer,  in  two  sections,  packaged  for  dropping.  Note  the  paddin 
under  the  engine  on  the  left-hand  section,  designed  to  lessen  the  landiii 
impact. 


There  was  one  more  important  step :  training.  After  success 
fully  completing  test  dropping,  a  few  of  the  jumpers  were  give 
training  in  assembling  the  unit,  how  to  start  the  engine,  how  t 
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use  the  clutch  and  tighten  the  belt,  etc.  They  had  confidence  in  the 
machine  before  it  ever  came  drifting  down  to  them  ''out  of  the 
blue,"  as  it  did  shortly  afterward  on  the  Hungry  Ridge  fires. 
There  were  two  fires,  both  started  by  lightning,  a  little  over  a 
quarter  of  a  mile  apart.  Four  jumpers  went  down,  two  to  a  fire. 
They  got  their  fires  and  mopped  them  up.  Then  they  loaded  their 
equipment  on  the  packer,  410  pounds  of  it,  and  headed  out  (fig.  4) . 


Figure  4. — Smokejumpers  coming-  out  from  the  Hungry  Ridge  fire  over  an 

old  sheep  driveway. 

The  packer  has  its  limitations,  but  its  area  of  operation  is 
increasing.  Region  6  is  beginning  to  talk  about  better  trail  main- 
tenance, a  different  kind  of  a  water  bar.  Fording  streams  is  a 
problem.  The  Wenatchee  Forest  personnel  say  that  in  many  cross- 
ings they  can  solve  this  by  a  small  cable  stretched  across  the 
stream.  They  simply  hook  the  packer  to  the  cable  and  skyline  it 
across,  load  and  all. 

There  is  no  doubt  about  it ;  the  mechanical  trail  packer  is  here 
ito  stay.  It's  not  at  all  improbable  that  within  5  years  one  or  two 
pf  these  units  will  be  standard  equipment  at  many  ranger  stations, 
at  least  on  those  districts  that  have  an  extensive  trail  system.  You 
will  hear  repeatedly  as  you  talk  to  the  boys  who  are  pioneering 
their  use,  ''Sure,  there's  work  connected  with  them.  So  what !  You 
don't  have  to  round  'em  up  when  you  crawl  out  of  the  sack  in  the 
morning.  And  you  don't  have  to  feed  'em  all  winter  long  like  you 
do  the  long-eared  hay  burners." 


FIRE  HEADQUARTERS   SUPPLY  CABINET 

John  A.  Anguilm 

Assistant  Regional  Supervisor,  Region  1,  Michigan  Departmem 

of  Conservation 

A  few  years  ago  3  extra-period  fires,  i.  e.,  fires  not  controllec 
by  10  a.m.  of  the  day  following  discovery,  taught  us  the  desirability 
of  having  a  well-organized  and  well-equipped  fire  headquarter.' 
supply  cabinet  ready  to  roll  on  a  minute's  notice.  Such  a  cabine 
was  designed  and  built  for  us  by  our  Central  Repair  Shop  at  Gay 
lord,  Mich.  (fig.  1). 


Figure  1. — Fire  headquarters  supply  cabinet. 


The  cabinet  is  made  of  i^-inch  plywood  with  l^-inch  divide 
and  is  19  inches  wide,  361/2  inches  high,  and  12  inches  deep.  I 
removable  door  recesses  into  the  box  foot  and  fastens  at  the  t( 
with  a  trunk-type  fastener.  On  a  fire,  this  door  serves  as  a  tab] 
top ;  a  layout  of  the  box  is  posted  on  it  (fig.  2) . 
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Figure  2. — Supply  cabinet  layout. 


SIMPLIFICATION  IN  DISPATCH  SYSTEMS 

Max  a.  Bradley  and  Gilbert  I.  Stewart 
Michigan  Forest  Fire  Experiment  Station,  Michigan  Department 

of  Conservation 

From  the  beginning,  organized  forest  fire  control  in  North 
America  has  depended  upon  fire  detection  and  map  systems.  These, 
differing  somewhat  in  detail  according  to  the  agencies  involved, 
have  remained  basically  the  same.  Detection  has  come  chiefly  by 
actual  observation  of  fires  from  elevated  positions — ultimately 
towers — strategically  located.  Fire  finding  instruments  have  alsc 
differed  greatly,  even  though  variations  are  chiefly  refinements 
All  detection  systems  utilize  ''cross  shots"  from  two  or  mor( 
towers  measured  in  azimuth  directions.  When  these  readings  are 
plotted  on  a  dispatch  map  at  some  headquarters,  the  map  locatior ; 
of  a  fire  is  established.  Until  this  is  done,  initial  action  on  sup 
pression  cannot  be  undertaken  eflficiently.  However,  once  the  ma] 
position  is  established,  a  great  deal  of  eflficient  action  can  star 
promptly,  for  not  only  is  the  location  known,  but  also  associatec^ 
information  is  available  immediately  dealing  chiefly  with  bast;( 
features,  forest  cover,  and  water  supplies. 

Functions  of  detection  cannot  be  separated  from  those  of  diss 
patch,  and  good  map  systems  constitute  the  basis  of  all  effort  iii 
these  fields.  Completeness  and  accuracy  are  essential  in  map) 
themselves,  but  equally  important  is  the  accuracy  of  plotting 
azimuth  readings  from  tower  sightings. 

Almost  without  exception  surfaces  of  dispatch  maps  hav 
been  dominated  by  azimuth  circles  stamped,  printed,  or  paste 
upon  them,  the  center  of  each  circle  indicating  the  position  of 
tower.   In  those  instances  where  towers  were  located  fairly  nea^ 
each  other,  circles  overlapped  or  became  so  numerous  that  bas> 
features  were  seriously  blocked  out.    Usually,  reconstructions  ci 
tower  readings  were  made  with  cords  stretched  from  the  center 
of  the  azimuth  circles  concerned,  and  crossed  to  establish  the  mai 
positions  of  fire.  Even  though  the  desired  results  were  obtained  ii 
establishing  positions  of  fires,   many   disadvantages   have   bee 
recognized. 

The  Michigan  Department  of  Conservation  recently  unde:! 
took  to  investigate  means  of  improving  instrumentation  of  fir 
detection,  as  well  as  map  systems  employed  in  dispatch.  Investig.N 
five  work  was  broken  down  into  two  major  phases;  fire  findim 
instruments  and  map  systems. 

Improved  types  of  fire  finding  instruments  were  reports 
upon  in  Fire  Control  Notes  for  April  1955.  Work  progressed  simui 
taneously  on  map  systems,  and  in  May  1955  all  map  methods  exis 
ing  prior  to  that  time  were  declared  obsolete,  to  be  supplanted  t 
a  new  system  as  soon  as  replacement  maps  could  be  issued. 
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The  study  of  existing  methods  brought  out  that  improvements 
;ould  be  attained  only  if  the  following  features  could  be  assured : 

1.  Accuracy  must  be  assured  in  reconstructing  cross  shots 
Tom  towers.  Also  accuracy  should  be  consistent  and  comparable 
vith  that  guaranteed  by  fire  finding  instruments. 

2.  Full  details  of  base  features  must  remain  visible,  not  oblit- 
erated by  azimuth  circles. 

3.  Maps  must  be  replaced  less  often,  their  details  protected 
Tom  fading  as  much  as  possible,  and  their  surfaces  shielded  from 
ibrasion  and  dirt. 

4.  When  replacement  of  maps  becomes  necessary  no  changes 
should  occur  in  the  positioning  of  markings  from  which  azimuth 
readings  are  taken. 

5.  Means  should  be  provided  for  setting  off  two  or  more  simul- 
:aneous  readings  from  any  tower  if  it  should  be  concerned  with 
Tiore  than  one  fire  at  the  same  time, 

6.  The  system  of  ''Cross  out"  must  not  require  pencil  marking 
)n  the  surface  of  a  map,  nor  mar  its  surface  by  holes  from  pins, 
:humb  tacks,  or  other  markers. 

Obviously  the  old  methods  could  not  be  retained,  and  accom- 
plish these  improvements.  By  May  1955  an  improved  method  had 
Deen  developed.  Its  workability  depended  upon  a  new  instrument 
combining  an  arm  or  arrows  and  an  azimuth  circle.  This  instru- 
ment, which  has  been  called  the  ''protractor  arrow,"  was  designed 
and  perfected  at  the  Experiment  Station  (fig.  1).  It  assured  real- 
ization of  all  requirements  listed  above. 


Figure  1. — The  plastic  ''protractor  arrow." 

The  protractor  arrow  was  designed  for  production  in  trans- 
arent  plastic,  and  several  custom-made  samples  proved  its  prac- 
:icality.  Detailed  specifications  were  formulated  at  the  Experiment 
Station  and,  along  with  drawings,  submitted  to  manufacturers. 
Satisfactory  bids  and  estimates  were  received,  and  subsequently 
1,500  of  the  instruments  were  ordered  (fig.  2) . 
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Figure  2. — A  graduated  gage  was  developed  for  testing  the  accuracy  of  pro- 
tractor instruments.  They  were  checked  against  each  other  in  stacked 
position  and  on  the  gage  as  well. 


The  new  maps  bear  no  azimuth  circles  on  their  surfaces.  Each 
map  is  mounted  on  relatively  soft  composition  board  that  is  lami- 
nated to  a  hard  backing  panel  known  as  Novoply.  The  lamination 
is  %-inch  thick,  and  the  entire  panel  is  framed  with  light  alumin- 
um channel.  A  plastic  coating  is  applied  by  brushing  the  surface 
of  the  map.  It  dries  hard,  clear,  and  transparent,  leaving  every 
map  detail  clearly  defined  and  visible. 

At  the  time  of  map  printing,  each  tower  location  was  marked 
with  a  short  line  extending  north  from  the  tower  position.  After 
maps  were  mounted  and  framed,  a  small  hole  was  drilled  at  each 
tower  location  (fig.  3) ,  threaded  screw  posts  were  pressed,  friction 
tight,  into  these  holes  from  the  back  of  the  map  panel.  Thumb 
screw  studs  can  be  inserted  into  them  from  the  face  of  the  map. 
Each  protractor  arrow  is  center-drilled  to  accept  the  screw  stud; 
it  can  be  clamped  against  the  surface  of  the  map  and  held  in  any 
position  required  by  the  azimuth  reading  (fig.  4).  The  '"zero"  or 
north  line  serves  as  the  orientation  point  for  any  desired  protrac- 
tor setting. 

At  the  present  time  six  protractor  arrows  accompany  each 
dispatch  map;  more  can  be  issued  with  larger  maps  that  include 
greater  numbers  of  towers.  Ultimately  all  maps  used  on  towers 
will  conform  to  this  same  system,  and  three  to  six  protractor 
arrows  should  serve  the  need  of  each  tower.    Any  arrow  can  be 
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Figure  3. — Equipment  developed  for  drilling*  map  panels  at  tower  locations. 
It  is  essential  that  every  hole  be  accurately  centered  and  drilled  in  exact 
alinement  with  the  "zero"  line  already  placed  on  the  map  surface.  The 
circular  opening  in  the  base  of  the  stand  contains  a  transparent  disk; 
a  locating  hole  insures  placement  of  the  drill  directly  over  each  tower 
location. 


moved  about  at  will,  and  clamped  at  any  tower  location.  If  any 
one  tower  should  be  involved  in  more  than  one  fire  at  the  same 
time,  arrows  can  be  stacked  on  that  particular  screw  post,  and 
made  to  point  in  the  required  number  of  directions.  The  system 
can  be  used  identically  at  all  dispatch  headquarters  and  towers. 

A  project  to  produce  all  of  the  dispatch  maps  required  for 
issue  to  field  headquarters  and  administrative  offices  throughout 
the  State  was  finished  in  October  1955.  All  maps  will  be  put  into 
service  for  the  fire  season  of  1956. 

Changeover  to  this  new  method  made  obsolete  all  existing  dis- 
patch maps.  However,  future  economy  will  be  realized  in  a  number 
of  ways.  Map  replacement  is  expected  to  be  much  less  frequent. 
The  plastic  protractor  arrows  are  of  high  quality  and  should  be 
usable  for  10  years.  When  crossed,  the  centerlines  of  arrows  estab- 
lish the  location  of  a  fire  very  clearly;  the  setting  can  remain  fixed 
as  long  as  desired,  and  no  marking  of  any  kind  need  be  made  on  the 
map  surface.  All  techniques  utilizing  cords,  with  their  attendant 
weights,  springs,  magnets,  and  stick  pins  are  eliminated. 

The  protractor  arrows  have  printed  figures  sandwiched  be- 
tween two  layers  of  plastic.  Graduations  are  very  accurate,  and 
ipermit  plotting  azimuth  readings  with  no  instrumental  error.  The 
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Figure  4. — Each  tower  location  on  the  dispatch  map  is  provided  with  a  has 
screw  post.  Thumb  studs  screw  into  them  from  the  front  of  the  map  am 
clamp  the  protractor  arrow  in  any  desired  position.  Note  the  conciji 
intersection  of  center  lines.  Surface  of  the  map  is  completely  free  ( 
any  other  details  that  detract  from  map  purposes. 


azimuth  circle  is  5  inches  in  diameter,  total  length  of  instrumei 
is  141/2  inches,  thickness  is  .060  inch.   The  material  is  classed  i 
clear  vinylite.    Further  information  can  be  obtained  from  tl: 
Michigan  Forest  Experiment  Station,  Michigan  Department 
Conservation,  Roscommon,  Mich. 


^ELECTING  AND  TRAINING  DISTRICT  FIRE  WARDENS 

Francis  L.  Coyle 
Forestry  Aid,  Mio  Ranger  District,  Lower  Mich.  National  Forest 

A  successful  warden  force  depends  upon  the  men  selected, 
rhey  should  be  picked  for  leadership,  ability  to  get  along  with 
people,  geographic  location,  availability,  and  willingness  to  co- 
operate with  the  Forest  Service.  Just  because  a  man  lives  in  an 
irea  where  a  warden  is  needed  and  has  a  telephone  does  not  make 
lim  a  competent  warden.  Even  if  he  has  had  experience  on  fires 
md  is  well  acquainted  with  his  zone,  if  he  is  unwilling  to  cooperate 
or  to  follow  orders  he  is  of  little  use. 

After  selection  the  warden's  importance  in  the  fire  suppres- 
sion program  should  be  made  clear  to  him.  He  should  know  that 
le  was  selected  because  he  is  respected  by  his  neighbors,  because 
)f  leadership  abilities,  because  of  good  judgment,  and  because  of 
^villingness  to  cooperate.  District  personnel  should  visit  their  war- 
iens  when  in  the  locality  whether  during  the  fire  season  or  not. 
Regardless  of  the  occupation  a  warden  may  have — farmer,  busi- 
lessman,  logger,  or  resort  owner — he  should  know  we  are  inter- 
ested in  him  and  are  depending  on  him.  His  Fire  Warden  sign 
should  be  prominently  displayed,  and  his  fire  cache  box  should  be 
kept  in  a  neat  condition. 

To  train  new  wardens  and  to  bring  experienced  wardens  up 
:o  date,  warden  meetings  are  usually  held  annually.  An  all  day 
fneeting  should  be  planned  to  present  the  latest  skills,  techniques, 
md  new  equipment  for  fire  fighting.  Although  our  wardens  do  not 
receive  pay  either  for  their  time  or  mileage,  we  have  almost  100 
percent  attendance.  This  is  in  spite  of  the  fact  that  some  of  the 
wardens  drive  30  miles  one  way  and  most  of  them  lose  a  day's 
^ork.  This  is  partly  because  our  wardens  realize  we  are  proud  of 
them — and  we  don't  hesitate  to  tell  them  so ! 

The  first  hour  is  usually  spent  in  introductions;  in  passing 
3ut  warden  cards,  books  of  burning  permits,  franked  envelopes, 
and  zone  maps ;  and  in  having  the  wardens  sign  equipment  agree- 
ments. 

Next  on  the  program  is  a  discussion  of  last  year's  fires.  Here 
again  the  wardens'  work  is  stressed.  Specific  techniques  that  have 
proved  helpful  are  pointed  out.  This  leads  logically  to  future  work 
and  methods  by  which  the  wardens  can  assist  us  in  prevention  as 
well  as  fire  suppression.  These  include  talking  to  people,  posting 
fire  prevention  material  in  their  zones,  and  advising  their  neigh- 
bors when  it  is  safe  or  unsafe  to  burn.  Fire  fighters  frequently 
hiave  suggestions  of  value  and  their  comments  are  encouraged. 

If  time  is  left  before  lunch,  a  movie  on  fire  can  be  shown. 
Since  new  films  are  available,  the  same  film  should  not  be  shown 
/ear  after  year. 
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After  lunch  take  the  wardens  for  a  field  demonstration  on 
new  equipment  acquired  since  the  last  meeting.  The  men  should 
be  given  a  chance  to  use  the  equipment  and  to  ask  questions  about 
its  use.  If  new  equipment  or  tools  have  not  been  acquired,  the 
wardens  can  be  organized  for  a  project  fire  setup.  Select  a  fire  boss 
and  explain  the  project  through  him.  Instruct  the  group  on  how 
the  fire  boss  should  select  his  sectors  and  appoint  such  assistants 
as  sector  bosses,  line  bosses,  tractor  and  tanker  unit  bosses,  time- 
keeper, and  radio  operators.  Each  position  and  the  reason  for 
each  one  should  be  explained ;  maps  and  blackboard  can  be  used  to 
illustrate  reasons  for  deployment  of  men  and  equipment.  This 
simulated  exercise  can  be  made  more  interesting  by  such  activities 
as  having  spot  fires  occur,  and  studying  wind  shifts.  Questions 
and  comments  should  be  encouraged.  In  inclement  weather  this^ 
project  can  be  held  indoors. 

No  demonstration  should  last  more  than  2  hours.  The  finali 
2  hours  of  the  meeting  should  be  an  open  discussion.  The  wardens^ 
should  know  that  we  will  support  them.  They  have  authority  tci 
issue  burning  permits,  they  may  refuse  permits  if  they  believe  itt 
unsafe  to  burn.  Also  if  some  people  in  their  zones  burn  promis- 
cuously, we  will  do  all  we  can  to  prevent  further  violations  even  iit 
court  action  is  necessary.  At  this  time  the  wardens  are  asked  tC' 
present  their  particular  problems  and  we  answer  their  questions  ill 
possible.  If  not,  we  get  the  answer  for  them  at  the  first  opportun-i 
ity.  Wardens  should  be  asked  for  comments,  suggestions,  anc( 
criticism  on  the  work  of  the  Forest  Service  in  fire  prevention  ancf 
control.  The  meeting  should  stop  early  enough  so  that  those  whci 
have  important  chores,  especially  farm  ones,  can  get  home  to  ddi 
them.  But  anyone  who  still  has  questions  can  stay  for  help  in  theiii 
solution. 

After  the  warden  force  has  been  set  up,  the  wardens  shoul( 
be  used  as  much  as  possible.  They  should  be  dispatched  on  any  fin 
in  their  zones,  even  though  a  Forest  Service  crew  could  handle  th 
fire.  The  wardens  should  also  be  used  as  reinforcement  in  adjoin 
ing  zones ;  they  should  be  utilized  as  much  as  possible  as  line  o 
sector  bosses  on  project  fires.  A  good  warden  force  can  easily  be 
come  a  poor  one,  especially  if  fires  occur  in  the  wardens'  zones  an< 
they  are  not  used.  Proper  selection,  training,  and  use  of  distric 
fire  wardens  will  result  in  a  good  warden  force. 


REFLECTIVE    PREVENTION    SIGN    FOR    PROTECTION 

VEHICLES 

Martin  E.  Craine 
Assistant  State  Forester,  Utah  Board  of  Forestry  and  Fire  Control 

While  trying  to  take  advantage  of  every  known  medium  for 
the  promotion  of  wildland  fire  prevention  in  Utah,  one  day  we 
suddenly  awoke  to  the  fact  that  our  own  field  vehicles  were  reach- 
ing into  every  corner  of  the  State  without  carrying  a  direct  plug 
for  fire  prevention.  Immediate  steps  were  taken  to  put  this  free 
advertising  space  to  use  (fig.  1). 


Figure  1. — Utah  Board  of  Forestry  and  Fire  Control  reflective  prevention 
sign.  The  first  5  signs  were  produced  in  the  State  Road  Commission 
sign  shop  at  a  total  cost  for  labor  and  material  of  $32.50,  or  $6.50  each. 


The  signs  were  to  be  as  large  as  practical  for  the  vehicle  tail- 
gates. We  wanted  the  message  in  large  letters,  legible  from  a  dis- 
tance and  hard  to  overlook.  This  demanded  use  of  the  shortest 
possible  phrase.  Each  sign  was  to  be  a  unit  that  could  readily  be 
removed  from  a  vehicle  for  refinishing  or  for  transfer  as  vehicles 
are  replaced.  We  selected  8-gage  metal  for  the  base  material.  So 
it  would  be  equally  effective  in  hours  of  darkness,  each  sign  was 
made  of  reflective  material.  The  finished  product  is  black  letters 
on  a  white  reflective  background  with  overall  dimensions  of  10  by 
48  inches. 
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ADJUSTABLE  TRAILER  HITCH  ASSEMBLY 
FOR   STAKE  TRUCKS 

Claude  L.  Smith 
Equipment  Repairman,  Michigan  Department  of  Conservation 

Fire  control  people  frequently  find  they  need  to  enlarge  their 
truck  fleet  in  high  hazard  periods  by  renting  private  trucks. 
Among  the  jobs  for  these  rented  units  is  delivery  of  trailer-mount- 
ed fire  pumps,  plows,  and  pipe  and  hose  outfits  to  fire  locations. 

Our  Norway  station  requested  a  trailer  hitch  assembly  that 
could  be  easily  installed  and  removed  from  any  stake  truck  they 
might  procure  for  temporary  fire  duty.  We  made  up  the  illustrated 
hitch  in  1953  (figs.  1  and  2)  and  in  1955  produced  20  additional 
units  for  use  at  other  stations. 
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Figure  1. — Construction  details  of  adjustable  trailer  hitch  assembly. 


This  hitch  is  easily  fastened  (without  boring  holes)  to  th 
stringers  of  a  stake  truck  by  use  of  clamp  plates.  Several  holes  i 
the  clamp  plate  and  in  the  upright  angle  iron  permit  adjustmer 
to  a  snug  fit  over  the  stringers.  Holes  drilled  in  the  upright  angl 
iron  permit  setting  the  hitch  at  the  desired  height.  Extra  hole 
drilled  in  the  crosspiece  of  the  hitch  permit  adjusting  the  widt 
to  the  varying  width  between  truck  stringers. 
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Figure  2. — TiaiUr  i, 


CAUTION :  This  hitch  is  for  temporary  emergency  use ;  be- 
cause the  bolts  can  work  loose,  the  assembly  should  be  checked 
frequently.  Care  should  also  be  taken  to  see  that  the  trailer  is  not 
loaded  too  heavily. 


Test-of-Friendship  Fire 

To  the  long  and  varied  list  of  causes  for  forest  fires,  a  new  one  was 
added  last  month. 

The  report  comes  from  the  Pleasant  Hill  District  of  the  Ozark  National 
Forest  that  a  59-year-old  resident  of  that  area  set  fire  to  his  farm  buildings 
last  month  to  find  out,  as  he  told  law  officers,  "if  he  had  any  friends  who 
would  come  to  help  him  put  it  out."  Except  for  a  crew  of  U.  S.  Forest  Service 
men,  no  friends  came.  They  controlled  the  blaze  after  it  had  spread  over 
seven  adjoining  acres  of  National  Forest  land. 

In  court,  the  judge,  prosecuting  attorney,  and  witness  were  sympathetic. 
The  old  man  was  fined  $25  for  letting  a  fire  burn  to  other  lands,  but  a  90-day 
jail  sentence  was  suspended,  he  was  placed  on  probation  for  6  months,  and  a 
:harge  of  drunkeness  was  dismissed.  Yet,  on  leaving  the  court  of  justice, 
the  old  man  still  seemed  puzzled  as  to  the  extent  and  quality  of  his  friend- 
ship.— Quarterly  Review.  Vol.  VI,  No.  4,  Forest  Service,  U.  S.  Dept.  Agr., 
Atlanta,  Ga.    Oct.  1955. 


FIRE  CONTROL  PRACTICES:    A  TRAINING  COURSE 

Craig  A.  Giffen 
Assistant  District  Range),  Tahoe  National  Forest 

For  the  past  two  years  the  Tahoe  National  Forest  has  used  u 
different  approach  to  fire  control  training  at  its  annual  fire  train- 
ing meeting.  Several  phases  are  integrated  into  one  basic  course 
for  first  and  second  year  fire  protection  personnel.  Classes  an 
limited  to  five  or  six  trainees  each  so  that  individual  trainees  car 
actively  participate. 

Prior  to  use  of  this  method  our  fire  training  meetings  depend 
ed  on  the  lecture-demonstration  type  of  class.  Fire  behavior,  lint 
location,  line  construction,  initial  attack  procedure,  mopup  prac 
tices,  and  other  courses  were  taught  to  groups  of  20  to  40  trainee.«i 
Attempts  were  made  to  encourage  individual  trainee  participation 
but  in  too  many  cases  most  trainee  activity  was  confined  to  lookinfy 
and  listening.  Even  the  final  crew-sized  fire,  culmination  of  oui 
fire  training  meeting,  took  on  the  appearance  of  a  demonstratioi 
for  spectators.  There  was  simply  no  opportunity  for  large  num 
bers  of  trainees  to  actively  participate. 

Our  new  technique,  called  the  ''Fire  Control  Practices"  coursee 
is  alloted  about  3  days  of  our  normal  4-day  training  meeting.  A!\ 
short  orientation  lecture  and  a  required  course  in  use  of  basic  fir<( 
fighting  handtools  must  precede  it. 

The  40  to  60  first  and  second  year  men  attending  are  dividec 
into  groups  of  about  6  trainees  each.  Each  group  is  assigned  to  an 
instructor  who  is  assisted  by  a  ''demonstrator"  and  a  "fire  stopi 
per."  The  more  experienced  personnel  either  attend  specialize( 
classes  designed  for  their  particular  needs  or  they  serve  as  demon 
strators  and  fire  stoppers. 

The  "Fire  Control  Practices"  course  aims  to  teach  the  prin 
ciples  of  fire  control  by  the  use  of  many  separate  lessons.  Eacli 
lesson  stresses  one  principle  or  basic  point  in  fire  behavior.  Hum 
location,  line  construction,  initial  attack,  or  mopup.  Every  lesson 
uses  an  actual  fire.  For  the  first  several  lessons  very  small  fire: 
are  sufficient,  maybe  only  a  foot  or  two  across,  but  the  fires  and 
the  smoke  are  real.  With  classes  small,  interest  is  high.  Informal 
explanation  is  necessary,  to  be  sure,  but  an  outdoor  laborator;! 
with  lots  of  small  fires  is  the  key;  individual  trainee  participatioi' 
becomes  a  reality. 

The  first  lesson  might  logically  be  a  demonstration  of  fire  be 
havior  under  the  simplest  possible  conditions :  No  wind,  no  slope 
and  fuel  of  pure  type  and  of  uniform  density  and  moisture.  Gras 
or  pine  needles  are  very  satisfactory  and  provide  a  good  base  fo 
discussing  the  fuel-heat-oxygen  triangle.  The  fire  is  started  an< 
the  even  rate  of  spread  from  the  center  in  all  directions  is  pointer 
out.  The  instructor  asks  for  questions  and  answers  them  but  doe 
not  become  involved  in  other  principles  at  this  time.    Handlin; 
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these  is  planned  for  subsequent  lessons.  The  instructor  does  not 
even  put  the  fire  out.  He  simply  moves  his  class  away  from  the 
area  and  his  fire  stopper  steps  in  behind  and  mops  up.  If  trainees 
are  permitted  to  observe  the  suppression  action,  they  will  think 
about  other  things  instead  of  the  basic  lesson  at  hand.  Next,  a 
trainee  repeats  the  process  with  his  own  small  fire  and  explana- 
tion.  A  critique  completes  lesson  one. 

The  second  lesson  could  demonstrate  the  effect  of  difi'erent 
fuel  types  or  diff"erent  fuel  density  on  the  rate  of  spread.  An  actual 
fire  is  used  to  show  how  heavier  or  sparser  fuels  affect  its  spread. 
No  doubt  the  instructor  will  have  to  prepare  his  fuels  a  bit  so  that 
the  principle  can  be  adequately  demonstrated  under  simple  condi- 
tions. Slope,  wind,  and  other  factors  should  remain  unchanged 
and  should  not  affect  the  demonstration.  Only  one  principle  should 
be  stressed.  After  questions  have  been  answered,  the  group  moves 
away  from  the  fire.  And  again  a  trainee,  preferably  a  different 
one,  prepares  similar  conditions,  lights  his  fire,  and  proceeds  with 
a  full  explanation  and  demonstration  of  the  principle  involved. 
The  critique  completes  the  lesson. 

Additional  lessons  in  fire  behavior  follow,  but  each  successive 
lesson  stresses  only  one  basic  principle.  Points  which  have  been 
previously  covered  may  be  referred  to  as  they  relate  to  a  current 
lesson,  but  principles  reserved  for  future  lessons  should  not  be 
discussed  until  their  time.  Wind,  slope,  and  fuel  moisture  can  be 
covered  in  whichever  order  the  instructor  prefers.  Sometimes 
windy  conditions  in  the  field  will  make  it  difficult  to  isolate  this 
factor,  but  at  least  its  influence  can  be  seen  and  explained.  Our 
experience  has  been  that  a  good  instructor  can  handle  such  unfore- 
seen occurrences  without  excessive  trouble.  If  the  day  is  calm, 
wind  can  be  generated  by  a  portable  fan  and  battery. 

It  is  important  that  each  trainee  gets  several  opportunities  to 
participate  actively  in  both  demonstration  and  explanation.  This 
method  of  instruction  with  trainee  participation  is  basically  simi- 
lar to  the  four-step  method  : 

1.  Instructor  outlines  the  conditions  and  the  lesson  to  be 
learned. 

2.  Instructor  starts  his  fire  and  explains  the  key  point. 

3.  Trainee  presents  similar  conditions,  starts  his  own  fire, 
and  explains  the  key  point. 

4.  Follow-up  is  accomplished  back  on  the  ranger  district  as 
employee  puts  training  into  practice  on  going  fires. 

After  the  class  has  covered  the  basic  points  of  fire  behavior, 
the  instructor  proceeds,  one  point  at  a  time,  through  the  principles 

%f  line  location.    He  explains  how  the  various  principles  of  fire 

P^  behavior  just  learned  affect  the  location  of  firelines.  The  presence 
|of  natural  barriers,  heavy  or  flash  fuel,  the  proximity  of  slope,  the 
problem  of  a  fire  just  starting  up  both  sides  of  a  draw,  and  the 
^ffect  of  rolling  material  on  a  slope  are  just  a  few  of  the  factors 

^"i  influencing  line  location  that  can  be  demonstrated  by  small  fires. 

?  I  The  demonstrator  should  actually  build  what  line  is  necessary, 
while  the  instructor  explains  the  theory  of  a  particular  piece  of 
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line  location  but  does  not  mention  line  building  techniques.  As 
lessons  in  line  location  progress,  larger  fires  may  be  necessary  so 
that  realistic  conditions  can  be  had.  Nevertheless,  for  each  lesson 
a  trainee  should  be  required  to  move  to  a  new  spot  (already  picked 
out  for  proper  conditions),  light  a  new  fire,  and  thoroughly  ex- 
plain the  principle  involved.  He  should  use  the  demonstrator  for 
actual  line  building  just  as  the  instructor  did.  And,  of  course,  a 
critique  is  still  necessary  to  conclude  the  lesson. 

After  several  lessons  in  line  location,  the  class  may  progress 
to  the  methods  of  line  construction.  As  successive  lessons  are  in- 
troduced the  four-step  method  of  instruction  is  adjusted  somewhat 
in  order  that  all  trainees  may  participate  in  each  line  construction 
problem.  Trainee  activity  is  very  closely  supervised  in  these  les- 
sons since  the  demonstrator  is  able  to  spend  part  of  his  time  assist- 
ing the  instructor  in  the  correction  of  unsound  work  methods. 
Fires  are  permitted  to  become  larger  now  and  the  instructor  is 
teaching  basic  points  of  the  one-lick,  progressive,  and  leap  frog 
methods  of  line  construction.  Since  trainees  have  been  introduced 
to  the  use  of  basic  tools  in  a  previous  course,  line  construction 
lessons  move  along  fairly  rapidly  with  plenty  of  fire  and  lots  of 
smoke.  Mopup  work  is  still  done  by  the  fire  stopper  who  may  now 
have  a  small  tanker  at  his  disposal,  but  all  trainees  work  on  the 
control  line. 

By  now  trainees  are  beginning  to  perspire  and  they  may  even 
develop  a  smoke  eater's  cough.  Small  groups  and  many  fires  havet 
made  possible  an  understanding  never  before  reached  by  spectator) 
training. 

The  instructor  has  now  had  a  couple  of  days  to  size  up  his; 
crew  and  to  determine  how  much  more  training  they  can  take  and 
at  what  speed.  Principles  of  initial  attack  and  mopup  are  still  tc 
come.  Perhaps  several  major  points  can  now  be  stressed  in  each 
lesson.  Perhaps  even  more  flexibility  can  be  introduced  into  the 
mechanics  of  the  four-step  method  of  instruction.  The  course  is 
brought  to  an  end  with  two  or  three  one-man  fires  of  good  size  or 
which  everybody  mops  up  after  initial  control  has  been  achieved! 

Three  days  are  really  not  enough  for  this  type  of  course.  Foui 
or  five  days  would  probably  be  sufficient  but  are  seldom  available 
Nevertheless,  we  feel  that  three  days  of  instruction  as  describee 
herein  buys  a  lot  more  trainee  understanding  than  three  days  oj 
classroom  theory  and  a  moderate  amount  of  spectator  training. 

Every  reader  knows,  of  course,  that  the  success  or  failure  o: 
the  "Fire  Control  Practices"  course  rests  almost  entirely  on  th( 
caliber  of  the  instructor,  because  of  the  large  number  of  critica 
points  involved.  The  very  nature  of  the  course  requires  that  om 
instructor  and  one  demonstrator  stay  with  the  class  for  the  ful 
time.  They  can  maintain  the  continuity  of  the  course  and  at  th 
same  time  use  as  valuable  training  aids  questions  and  happening 
that  occur.  Then,  too,  instruction  will  be  far  more  effective  if  th 
teacher  is  able  to  adjust  the  speed  of  instruction  to  the  learninil 
capabilities  of  his  group.  Such  adjustment  is  impossible  wher 
instructors  are  changed  during  the  course. 
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The  *'Fire  Control  Practices"  technique  of  instruction  is  hard 
3n  teachers.  A  great  deal  more  time  is  required  for  adequate  prep- 
aration and  instruction  than  would  be  required  of  any  instructor 
under  the  system  of  larger  classes  and  divided  teaching  responsi- 
Dility.  And  adequate  preparation  for  instruction  is  essential.  The 
lahoe  has  discovered  that  a  thorough  field  briefing  and  demonstra- 
tion period  for  instructors  is  necessary.  The  thinking  required  in 
the  point  by  point  development  of  the  course  can  present  problems. 
For  example,  we  find  that  instructors  not  thoroughly  briefed  in  the 
theory  of  the  course  have  difficulty  in  moving  their  groups  away 
from  a  going  fire  to  let  the  fire  stopper  move  in  and  finish  the  job. 

We  have  found  that  one  short  day  is  not  enough  for  this 
preparatory  meeting.  Perhaps  one  long  day  or  two  short  days 
would  do  the  job.  We  think  that  this  amount  of  time  is  justified. 
If  the  program  is  retained  over  the  years  and  if  the  theory  of  the 
course  is  accepted  throughout  the  ranks,  perhaps  such  an  intensive 
preparatory  meeting  will  become  unnecessary. 

In  addition  to  this  preliminary  get-together  on  theory  and 
techniques,  instructors  must  look  over  their  demonstration  area 
ahead  of  time  so  as  to  determine  which  spots  should  be  used  for 
which  lessons.  Considerable  picking  and  choosing  is  necessary  and 
the  job  cannot  be  done  in  a  few  minutes.  Quite  possibly  an  in- 
structor will  want  to  mark  his  planned  route  of  travel  with  string, 
and  he  may  even  want  to  leave  notes  for  himself  at  the  many  spots 
he  has  chosen  for  his  various  lessons.  The  string  is  helpful  to  a 
checker  v/ho  will  make  a  final  inspection  of  all  fires  a  day  or  two 
after  the  training  session. 

^  i?  ^ 


Compact  Cleaning  Kit  For  Lookout  Cabs 

A  standard  ammunition  box  (Cal  30  M)  is  a  very  satisfactory  storage 
container  for  the  cleaning  mateiials  necessary  for  good  tower-cab  housekeep- 
ing (fig.  1).  This  4-  by  8-  by  12-inch 
metal  container,  with  a  close  sealing 
cover,  is  available  at  surplus  stores 
for  about  50  cents.  The  following 
items  fit  neatly  into  the  box  and  are 
recommended  for  the  essential  clean- 
ing jobs:  ''Squeegee"  cleaner  with 
wiping  blade  in  combination,  6-inch 
width;  bottle  of  nonflammable  cleaner 
fluid,  8  to  10  ounces;  whisk  broom, 
6-  to  8-inch  length;  cellulose  sponge, 
4  by  6  inches;  soap  in  tin  or  plastic 
box;  2  cleaning  cloths.— Lloyd  Maki, 
Forest  Fire  Officer,  Michigan  Depart- 
ment of  Conservation. 


VARIATIONS  IN  BACKFIRING  IN  THE  SOUTH 

R.    J.    RiEBOLD 
Forest  Supervisor,  South  Carolina  National  Forests 

When  large-scale  fire  protection  in  the  Southeast  began  about 
1933,  grass  fires  in  1-year  roughs  on  cutover  longleaf  land  were 
whipped  out  with  pine  tops  or  swatters.  As  fire  protection  succeed- 
ed, pine  reproduction  came  in  and  dense  stands  of  seedlings  and 
saplings  were  formed  over  large  areas.  By  1943  the  growth  of 
reproduction  had  been  accompanied  by  the  growth  of  a  dense 
hardwood  understory  and  the  accumulation  of  deep  layers  of  pine 
needle  fuels,  often  draped  head  high  on  the  understory  brush. 
Accumulation  of  light  flash  fuels  alone  amounted  to  10  to  20  tons 
per  acre  (Ji^).'  These  conditions  led  to  prescribed  burning  for  fuel 
reduction  and  hardwood  control  (1,  2,  7).  In  combination  with 
other  factors,  they  also  led  to  the  development  and  widespread  use 
of  the  tractor-plow  outfit  (5,  6).  Standard  practice  today  in  the 
Coastal  Plain  forests  is  generally  to  stop  the  forward  movement  of 
the  head  of  a  fire  by  plowing  a  line  in  front  of  it,  backfiring,  and 
holding  the  plowed  line.  The  control  line  is  located  far  enough  in 
advance  of  the  fire  so  that  the  backfire  and  the  head  fire  meet  25 
to  50  feet  from  the  control  line.  Ordinarily,  little  difficulty  is  ex- 
perienced in  holding  the  line. 

When  burning  conditions  become  severe,  however,  surface 
fires  burn  harder  and  crown  occasionally.  Exceptionally  dry  con- 
ditions are  sometimes  coupled  with  erratic  fire  behavior.  Speaking, 
of  conditions  on  the  Francis  Marion  National  Forest  in  South 
Carolina  in  1950,  Byram  and  Nelson  (3)  said :  **It  should  be  em- 
phasized again  that  the  changing  fuel  and  stand  types  occurring^ 
in  the  Southeast  may  be  a  necessary  condition  for  the  large  whirl- 
ing fires  which  burned  in  South  Carolina  last  year.  These  fires> 
burned  in  dense  stands  of  reproduction  (predominantly  loblolly; 
pine)  in  which  the  compact  crowns  constituted  the  main  source  oi 
fuel.  In  turn,  the  availability  of  this  green  fuel  for  combustior, 
was  increased  by  an  unstable  atmosphere  plus  a  high  rate  ol 
energy  release  in  the  ground  fuels." 

Under  severe  burning  conditions  the  commonly  used  singk 
backfire  set  from  the  control  line  fails  in  many  cases  to  hold  th( 
head  fires.  The  usual  meeting  place  of  head  fire  and  backfire  is  to( 
close  to  the  control  line.    With  backfires  moving  at  the  rate  0]l 
about  1  chain  per  hour  and  head  fires  advancing  at  rates  of  1  to  ^  i 
miles  per  hour,  there  is  simply  not  time  enough  for  the  width  o:! 
the  burned  out  strip  to  be  increased  sufficiently  merely  by  th< 
burning  of  the  backfire  away  from  the  control  line.    The  need  tc 
increase  this  width,  to  place  the  meeting  of  head  fire  and  backfir* 
farther  from  the  control  line,  has  led  fire  control  men  to  devis< 
variations  in  backfiring  practice.   Those  described  here  have  beei 
used  on  the  Francis  Marion  National  Forest.    Probably  simila 
variations  have  been  developed  on  other  fire  control  units  through 
out  the  South. 


'  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  33. 
30 


FIRE  CONTROL  NOTES  31 

One  variation  is  termed  ''parallel  backfiring."  Instead  of 
fierely  firing  along  the  control  line,  an  additional  line  of  backfire 
s  set  between  the  head  fire  and  the  control  line  and  roughly 
larallel  to  it.  The  first  torchman  works  50  to  100  feet  from  the 
ontrol  line  and  between  it  and  the  head  fire.  The  second  torchman 
res  the  control  line  about  100  feet  behind  the  first  torchman,  or 
lose  enough  to  keep  the  interior  backfire  from  sweeping  up  to  the 
ontrol  line  and  crossing  it.  Both  men  move  in  the  same  direction, 
'his  method  puts  the  meeting  place  of  head  fire  and  backfire  about 
wice  as  far  from  the  control  line  as  the  usual  practice  does.  It 
3nds  to  reduce  the  heat  and  smoke  along  the  control  line  because 
he  two  backfires  draw  together. 

A  second  variation,  called  "delaying  backfire,"  is  similar  to 
larallel  backfiring.  Its  purpose  is  the  same :  to  cause  a  crowning 
ead  fire  to  stop  for  lack  of  fuel  at  a  greater  and  safer  distance 
rom  the  control  line.  The  delaying  backfire  is  set  5  to  20  chains 
rom  the  control  line  instead  of  50  to  100  feet  as  in  parallel  back- 
iring.  The  method  of  firing  is  the  same.  The  control  line  is  fired 
a  the  usual  manner  to  hold  the  leeward  edge  of  the  delaying  back- 
ire,  which,  in  the  distance  indicated,  may  acquire  considerable 
olume  and  velocity. 

Another  variation,  also  intended  to  break  the  forward  move- 
aent  of  the  head  of  a  fire,  is  ''perpendicular  backfiring."  Two 
orchmen,  100  feet  to  100  yards  apart,  move  out  from  the  place  on 
he  control  line  where  the  center  of  the  head  will  probably  hit  and 
et  backfire  squarely  into  the  wind  toward  the  head  of  the  fire. 
Vhen  they  have  gone  as  far  toward  the  head  of  the  fire  as  they 
afely  can,  they  turn  av/ay  from  each  other  and  return  to  the  con- 
rol  line  along  the  flanks  of  their  backfires.  The  control  line  is 
ired  in  the  ordinary  manner.  The  two  strips  of  backfire,  advanc- 
ng  and  spreading,  break  up  the  head  of  the  fire  at  a  good  distance 
rom  the  control  line. 

The  movement  of  men  setting  backfires  between  the  control 
ine  and  the  head  of  the  fire  is,  of  course,  hazardous.  Such  work  is 
0  be  undertaken  only  by  experienced  men,  directed  by  experienced 
ire  bosses,  and  supported  by  well-trained,  well-organized  crews, 
rhe  woods  must  be  fairly  open  and  free  from  brush  so  the  men 
;an  see  and  move.  A  great  deal  of  danger  is  always  present  when 
nen  are  in  front  of  crown  fires  or  fast  moving  surface  fires.  A 
Tew  of  men  strung  out  along  a  singly  fired  line  in  front  of  a  head 
ire  is  placed  in  greater  jeopardy  than  is  usually  realized.  The 
mrned  out  strip  is  necessarily  shallow  and  the  meeting  of  the 
)ackfire  with  the  head  fire  may  take  place  close  to  the  line.  The 
nen  are  subjected  to  great  heat  and  possibly  flames.  There  is  con- 
siderable likelihood  that  the  woods  behind  them  will  ignite  and 
|heir  escape  routes  be  closed.  Backfiring  methods  which  stop  the 
lead  fire  at  a  greater  distance  from  the  manned  control  line  actual- 
ly increase  the  safety  of  the  men  holding  the  line. 

The  meeting  of  head  fire  and  backfire  causes  a  tremendous 
'tpdraft  of  heat  and  flame,  which  often  result  in  a  strip  of  complete 
,;ill,  even  when  the  head  fire  alone  is  not  hot  enough  to  do  so.   Sev- 
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eral  variations  in  backfiring  have  been  employed  or  suggested  tc 
eliminate  this  belt  of  severe  damage.  The  commonest  is  to  use  i 
road  as  the  fireline  and  let  the  head  fire  come  up  to  the  road  with 
out  backfiring  at  all.  Since  the  clearing  widths  for  most  State 
county  and  national-forest  roads  is  from  30  to  80  feet,  this  'Vidtl: 
of  no  fuel"  is  often  sufficient.  When  it  is  not,  Forester  John  T 
Hills,  Jr.,  who  has  had  many  years  of  fire  suppression  experienc( 
on  the  Francis  Marion,  suggests  that  the  width  of  no  fuel  can  b< 
increased  by  plowing  a  line  and  burning  out  a  50  or  60  foot  strij 
on  the  side  of  the  road  away  from  the  fire.  The  added  width  wouk 
give  the  same  effect  as  a  backfire  burned  out  100  to  150  feet  fron 
the  control  line.  However,  the  head  fire  would  burn  up  to  the  road 
instead  of  meeting  a  backfire,  and,  consequently,  no  strip  of  seven 
damage  would  occur. 

The  same  result  has  been  obtained  with  two  plowed  lines.  I: 
two  tractor  plows  are  available,  paralleling  lines  100  feet  to  10( 
yards  apart  are  plowed  in  front  of  the  head  fire.  Instead  of  back 
firing  the  inner  line  toward  the  head  fire,  the  space  between  th( 
two  plowed  lines  is  burned  out  in  strips  as  in  prescribed  burning 
The  head  fire  burns  up  to  the  area  of  no  fuel  and  stops.  There  ii 
no  moving  backfire  for  it  to  meet  and,  again,  no  strip  of  completi 
kill  occurs. 

Pond  pine  and  titi  bays  throughout  the  longleaf -loblolly  pin< 
stands  create  special  backfiring  problems.  Most  of  the  time  trac 
tor-plow  outfits  cannot  cross  the  bays,  and  control  lines  must  b 
cut  around  them.  In  dry  times  the  bays  can  be  plowed  but  back 
firing  in  the  dense  undergrowth  is  hazardous  even  on  the  flank 
and  rear  of  a  fire.  Because  prescribed  burning  for  fuel  reductioi 
cannot  be  used  in  the  bays,  they  may  have  a  20-year  fuel  accumula 
tion.  Rate  of  spread  of  the  backfire  may  be  slow  and  the  burn-ou 
incomplete,  but  a  shift  of  the  wind  can  cause  both  crew  and  plo^ 
to  be  trapped  in  an  area  of  heavy  brush  and  heavy  fuel. 

To  deal  with  such  a  condition.  Fire  Control  Aid  James  Parke 
used  the  following  method.    He  sent  the  tractor-plow  about  15 
yards  into  the  bay  without  plowing,  merely  breaking  down  brusli 
He  then  had  it  turn  and  plow  out  on  the  same  line,  returning  to 
safe  place  on  the  edge  of  the  bay.  About  100  yards  of  this  line  waa 
backfired.    When  the  backfire  had  burned  out  to  a  safe  distanc 
from  the  line,  he  sent  the  plow  in  again  to  repeat  the  maneuve: 
Each  time,  the  plow  returned  to  a  safely  burned  out  part  of  tfcn 
line  before  the  line  ahead  was  backfired.    The  tractor-plow  wv^ 
thus  not  at  any  time  at  the  end  of  a  plow  line  in  very  thick  bruss 
while  a  long  line  of  backfire  was  being  set  behind  it.   This  methc 
requires  time  and  is  not  suited  to  stopping  a  fast-moving  head  fir 
It  does  provide  greater  safety  for  men  and  equipment  in  an  arn 
of  high  hazard. 

The  successful  execution  of  these  variations  in  backfiring  p 
quires  not  only  boldness  and  skill  on  the  part  of  the  men  but 
higher  degree  of  organization,  training,  and  discipline  on  the  pa: 
of  the  whole  attack  force  than  is  generally  found  in  hastily  m 
bilized  crews  of  untrained  volunteers. 
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Demerol  To  Kill  Pain 


Where  there  have  been  accidents, 
demerol  has  relieved  pain  and  stop- 
ped a  lot  of  suffering.  Use  demerol 
only  when  pain  is  severe  and  im- 
mediate relief  not  available.  Never 
use  it  for  skull  fractures  or  illness. 
Avoid  freezing  and  demerol  will  last 
indefinitely. 

Distribute  your  supply  for  ready 
availability  on  field  jobs.  If  demerol 
is  stored  in  regional  and  supervisor's 
offices,  it  does  little  good.  Place  it 
where  work  crews  and  fire  fighters 
may  benefit  from  its  use. 

So  far  demerol  packaging  has  been 
fragile.  On  the  Superior  National 
Forest  this  difficulty  has  been  over- 
come by  developing  a  %  by  6% -inch 
metal  tube  with  a  cork  in  each  end. 
The  demerol  is  then  inserted  in  the 
tube  with  cotton  pads  on  either  end. 
To  get  the  demerol  out  of  the  tube 
easily,  one  cork  has  a  wire  pull  ring 
to  which  is  attached  a  string  tied  to 
the  demerol  vial.  Each  tube  has  in- 
structions for  use.  Administer  as 
shown  in  the  six  easy  steps. 
IMPORTANT:  ALWAYS  HOLD 
GLASS  VIAL  IN  "BOTTOMS-UP" 
POSITION  ABOVE  NEEDLE 
WHEN  ADMINISTERING.  (The  liq- 
uid is  forced  out  by  compressed  gas. 
//  not  bottoms-up,  gas  will  escape 
without  forcing  out  liquid.) 

1.  After  thoroughly  cleansing  the 
injection  area  with  soap  and  water, 
alcohol,  or  other  disinfectant,  grasp 
hub  of  needle  between  the  thumb  and 
index  finger. 

2.  Remove  needle  cover  by  twisting. 

3.  Insert  needle  into  body  in  almost 
any  place.  Preferred  spots  are  mus- 
cles of  upper  arm,  thigh,  calf,  but- 
tocks, abdomen. 

4.  Squeeze  before  injecting  fluid  by 
flattening  rubber  tube  just  above 
needle  hub,  then  release  tube.  If 
needle  unfortunately  strikes  a  vein, 
blood  will  show  at  top  of  needle  hub 
and  needle  must  be  inserted  again. 

5.  If  no  blood  shows,  break  ampin 
tip  inside  rubber  tube  like  breaking  a 
matchstick  with  the  fingers. 

6.  Allow  to  remain  until  complete 
dose  has  been  expelled. 

NOTICE:  Some  of  the  possible 
side  effects  that  may  accompany  use 
of  demerol  are  dizziness,  nausea  or 
vomiting,  face  flushing,  profuse  sweat- 
ing, dryness  of  mouth,  and  weakness. 
These  ar^  not  abnormal  and  can  be 
prevented  usually  by  keeping  patient 
in  prome  position. 


INFORMATION  FOR  CONTRIBUTORS 

It  is  requested  that  all  contributions  be  submitted  in  duplicate, 
typed  double  space,  and  with  no  paragraphs  breaking  OTer  to  the 
next  page. 

The  title  of  the  article  should  be  typed  in  capitals  at  the  top  of  the 
first  page,  and  immediately  underneath  it  should  appear  the  author's 
name,  position,  and  unit. 

Any  introductory  or  explanatory  information  should  not  be  included 
in  the  body  of  the  article,  but  should  be  stated  in  the  letter  of  trans- 
mittal. 

Illustrations,  whether  drawings  or  photographs,  should  have  clear 
detail  and  tell  a  story.  Only  glossy  prints  are  acceptable.  Legends  for 
illustrations  should  be  typed  in  the  manuscript  immediately  following 
the  paragraph  in  which  the  illustration  is  first  mentioned,  the  legend 
being  separated  from  the  text  by  lines  both  above  and  below.  Illustra- 
tions should  be  labeled  ^figures''  and  numbered  conseeutirely.  All  dia- 
grams should  be  drawn  with  the  type  page  proportions  in  mind,  and 
lettered  so  as  to  permit  reduction.  In  mailing,  illustrations  should  be 
placed  between  cardboards  held  together  with  rubber  bands.  Paper 
clips  should  never  be  used. 

When  Forest  Service  photographs  are  submitted,  the  negative  num- 
ber should  be  indicated  with  the  legend  to  aid  in  later  identification 
of  the  illustrations.  When  pictures  do  not  carry  Forest  Service  num- 
bers, the  source  of  the  picture  should  be  given,  so  that  the  negative 
may  be  located  if  it  is  desired. 

India  ink  line  drawings  will  reproduce  properly,  but  no  prints 
(black-line  prints  or  blueprints)  will  give  clear  reproduction.  Please 
therefore  submit  well-drawn  tracings  instead  of  prints. 
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FIRE  HAZARD  RESULTING  FROM 
JACK  PINE  SLASH 

D.  E.  Williams 
Research  forester.  Forestry  Branch  Head   Office,  Ottawa 

INTRODUCTION 

The  accumulation  of  slash  during  logging  operations  intro- 
iuces  a  serious  problem  to  those  concerned  with  fire  control.  Not 
nly  are  fires  more  likely  to  start  in  slash  areas  but  once  ignited 
hey  have  a  greater  resistance  to  control  and  often  do  more 
lamage  than  fires  burning  in  an  uncut  forest.  Slash  is  treated 
n  a  number  of  ways  depending  usually  on  the  cutting  method, 
essentially,  there  are  two  main  treatments — leaving  the  slash 
n  the  cut-over  area,  or  removing  it  by  burning.  Further,  the 
lanner  in  which  the  slash  is  left  has  an  effect  on  the  subsequent 
ire  hazard. 

The  comparative  fire  hazard  of  areas  of  burned  and  unburned 
lash  was  investigated  by  Hunger  and  Matthews  (6)'^  and  they 
oncluded  that  unburned  slash  in  western  Washington  and  Ore- 
:on  is  one-third  more  hazardous  than  burned  slash  10  years  after 
ogging.  Cheyney  (2),  on  the  other  hand,  writes  in  the  Journal 
>f  Forestry:  "It  would  be  a  conservative  statement  to  say  that 
10  slash  is  a  special  fire  hazard  in  the  Lake  States  for  more  than 
•  years  after  it  is  cut."  There  appears  to  be  no  doubt,  however, 
hat  an  accumulation  of  slash  in  a  cut-over  forest  will  increase 
he  fire  hazard  of  the  area  for  a  considerable  period  after  cutting 
operations  have  been  completed.  Further,  it  is  evident  that  in 
my  locality  the  increase  of  hazard  brought  about  by  the  pres- 
nce  of  slash  will  vary  somewhat  with  the  method  of  slash  treat- 
nent  employed,  and  with  the  number  of  years  which  have 
lapsed  since  cutting  took  place. 

The  Federal  Forestry  Branch,  in  co-operation  with  the  Mani- 
oba  Forest  Service,  conducted  a  series  of  large-scale  test  fires 
n  slash  areas  in  the  Sandilands  Forest  Reserve.  The  object  of 
he  study  was  to  determine  experimentally,  (a)  the  comparative 
ire  hazard  in  jack  pine  in  similar  cut-over  areas  where  different 
lash  treatments  had  been  employed  and,  (b)  the  variations  in 
lazard  which  occur  as  slash  ages.  The  term  "slash  age"  will  be 
ised  to  refer  to  the  number  of  years  since  logging. 

This  study  also  provided  an  opportunity  for  an  investigation 
>f  the  effect  of  slash  disposal  methods  on  jack  pine  regeneration, 
rhe  results  of  this  investigation  are  described  by  H.  J.  Johnson 
n  a  current  publication  of  the  Federal  Forestry  Branch  (^). 


'An  article  of  this  title  appeared  in  its  entirety  in  1955  as  Forest 
Research  Division  Technical  Note  22  of  the  Forestry  Branch  of  the  Canada 
Department  of  Northern  Affairs  and  National  Resouices,  Ottawa.  A  some- 
vhat  shortened  version  is  published  here  through  the  courtesy  of  the 
luthor  and  the  Forestry  Branch. 

-Italic  numbers  in  parentheses  refer  to  a  list  of  References,  p.  8. 
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Description  of  Area 

The  Sandilands  Forest  Reserve  lies  near  the  southeast  corne] 
of  Manitoba  at  the  western  extremity  of  Halliday's  (3)  Grea^ 
Lakes-St.  Lawrence  Forest  Region.  The  topography  is  flat  anc 
the  soil  is  sandy.  Stands  of  jack  pine  (Pinus  banksiana  Lamb.) 
the  most  important  commercial  species  in  the  area,  are  typically 
very  open  and  consequent  heavy  branching  results  in  moderate 
to  heavy  slash  accumulation  during  logging  operations.  Higl 
underbrush  is  very  scattered  and  other  vegetation  is  moderat( 
with  bearberry  {Arctostaphylos  uva-ursi) ,  blueberry  (Vacciniun 
spp.)  and  caribou  moss  (Cladonia  spp.)  as  the  main  component? 
along  with  a  considerable  amount  of  grass. 

The  area  in  which  the  study  was  made  is  adjacent  to  agri 
cultural  land  and  is  subject  to  fires  started  by  land  clearing 
operations.  Owing  to  the  lack  of  natural  watei'  supplies  and  t( 
the  nature  of  the  soil,  fire  suppression  is  best  effected  by  banc 
tools  and  pumper-tankers. 

The  cutting  methods  which  had  been  employed  were  mainly 
medium  to  heavy  selection  cuts  and  a  few  clear  cuts. 

Method  of  Study 

Examples  of  6  different  slash  treatments  were  available  ii 
the  Sandilands  area,  and  areas  representing  4  stages  of  slasl 
deterioration  were  located.  Duplicate  test  fire  plots  were  placec 
within  each  slash  age-class  for  each  type  of  disposal  method 
wherever  it  was  possible.  Table  1  shows  the  distribution  of  plotit 
which  were  available  and  on  which  the  conclusion  of  this  studi 
was  based.  In  addition  to  the  plots  listed,  two  control  plots  wer« 
located  in  a  representative  uncut  jack  pine  stand. 

The  sample  plots  were  square,  100  feet  to  the  side.  Tw< 
single  furrows  were  plowed  around  the  perimeter  of  each  plo 
as  a  fireguard  and,  where  slash  was  particularly  heavy,  an  addi 
tional  fireguard  was  plowed  approximately  20  feet  outside  th( 
first.  A  Manitoba  Forest  Service  fire  ranger  and  five  or  mor< 
men  were  present  at  all  tests  and,  when  the  plots  had  been  burned 
hand  tools  and  pack  tanks  were  used  to  extinguish  the  fires. 

Four-foot  stakes  were  set  at  20-foot  intervals  throughout  th« 
plot  providing  a  grid  which  greatly  facilitated  the  plotting  o 
the  fire  perimeter  as  burning  progressed.  Just  before  burning, 
each  plot  was  inspected  and  a  complete  plot  description  wa, 
recorded  on  specially  prepared  forms.  Particular  attention  wa;i 
paid  to  the  height  of  the  slash ;  ground  vegetation ;  kind,  amount' 
and  depth  of  duff;  and  the  thickness  of  the  humus  layer.  Th< 
number  of  pieces  and  sizes  of  the  heavier  fuels  (3  inches  o: 
more  at  the  large  end)  were  recorded. 

Air  temperature  and  relative  humidity  were  measured  witl 
a  sling  psychrometer,  and  other  weather  conditions  were  noted 
The  wind  velocity  at  the  time  of  the  fire  was  measured  with  i^ 
portable  anemometer  and  its  direction  was  estimated  with  th< 
aid  of  a  box  compass.  The  amount  of  dew  which  formed   thi 
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Table  1. — Distrihution  of  test  fire  plots  aceording  to  slosh 
treatment  and  slash  age  class 


Slash  tieatnient 

Plots 

burned  when  slash  a^e 
class  was — 

1-2 
years 

3-5 
years 

6-9 
years 

10-12 
years 

reft  as  cut  (untreated). 

Number 
2 
1 
1 

Nwrnber 
2 
2 
2 

Num^ber 
2 
2 
2 
2 

2 

0 

Number 
1 

iled  and  left  unburned...  . 

9 

iled  and  burned  (100  percent) 

2 

ops  only  (stands  with  clear-boled  trees) 

opped  and  scattered  (maximum  depth 
18  inches) 

1         1        2 
1                  2 

0 

9 

/indrows  (1  chain  apart,  unburned)^ 

0 

2 

0 

This  treatment  dropped  from  study  because  of  insufficient  data. 

revious  night  was  measured  by   the  method  developed  by  the 
'ederal  Forestry  Branch  (7)  and  recorded  in  the  field  notes. 

Various  sizes  of  branches,  duff,  and  other  fuels  were  sampled 
nd  their  moisture  content  determined  by   laboratory  methods. 

Immediately  after  igniting  each  test  fire,  an  observer  and  an 
ssistant  began  plotting  the  position  of  the  fire  perimeter  at  1- 
r  2-  minute  intervals  depending  on  the  rapidity  of  spread, 
observers  worked  independently  on  the  leeward  and  windward 
ides  of  the  starting  point  and  were  able  to  keep  accurate  records 
f  the  fire's  progress  with  the  aid  of  stop  watches  and  guide 
takes.  Notes  were  made  also  on  the  height  of  flame,  vigour, 
mouldering,  and  depth  of  ash. 

When  the  fire  was  out,  further  notes  on  the  severity  of  the 
urn  were  made.  Estimates  were  made  of  the  percentage  of  the 
rea  left  unburned  as  well  as  the  percentages  of  each  type  of 
nburned  fuel. 

The  careful  plotting  of  the  fire  perimeter  at  regular  intervals 
ave  a  very  comprehensive  picture  of  the  fire's  progress  and  a 
leasure  of  its  rate  of  spread.  The  grids  were  planimetered  and 
tie  proportionate  area  burned  during  each  5-minute  interval  of 
^e  fire's  progress  was  determined. 

A  numerical  hazard  index  was  computed  for  each  test  fire, 
sing  much  the  same  method  as  that  employed  regularly  by 
tie  Forestry  Branch  in  rating  small-scale  test  fires  (5).  In  cal- 
ulating  this  hazard  index  the  factors  used  and  the  relative 
weights  given  to  each  were  as  follows:  (1)  rate  of  spread,  30 
ercent;  (2)  total  area  burned,  20;  (3)  vigour,  20;  (4)  height 
f  flame,  10;  (5)  smouldering,  10;  (6)  depth  of  ash,  10.  These 
actors,  with  the  exception  of  vigour  and  smouldering,  can  be 
leasured  directly  with  the  result  that  errors  owing  to  personal 
Lidgment  are  kept  to  a  minimum. 
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Following  the  described  procedure,  all  test  fire  plots  show] 
in  table  1  were  burned  during  the  summer  periods  of  1949,  1951 
and  1952.  A  fire  weather  station  was  set  up  in  the  area  and  th 
danger  index  was  calculated  daily,  throughout  the  periods  o 
the  tests,  from  the  Midwest  Fire  Danger  Tables  (1).  All  test 
were  made  when  this  local  danger  index  was  in  the  range  7  t 
12 ;  the  average  for  all  tests  was  found  to  be  9. 

Each  test  fire  was  given  a  hazard  rating  as  determined  b, 
the  six  performance  factors  listed  above.  An  adjustment  of  on 
hazard  index  unit  was  made  to  the  rated  hazard  for  those  test 
made  on  days  when  the  local  danger  index  differed  from  th 
mean  by  two  units  or  more.  For  example,  one  plot  was  burner 
on  a  day  when  the  local  danger  index  was  7.  To  adjust  for  th 
lower  fire  danger  conditions  on  this  day,  the  rated  hazard  inde: 
for  that  test  fire,  calculated  to  be  11,  was  increased  by  one  uni 
to  12. 

It  should  be  noted  here  that  the  local  danger  index  refer 
to  the  average  fire  danger  in  all  fuel  types  in  the  area,  wherea 
the  rated  hazard  index  is  a  measure  of  the  fire  hazard  as  indicate 
by  the  individual  test  fires  in  the  fuel  concerned. 

Analysis  of  Data 

Burned  .dash. — Analysis  of  test  fire  behaviour  in  cut-ove 
areas  where  slash  had  been  piled  and  burned  indicated  that  th 
hazard  is  substantially  lower  than  in  areas  where  the  slas 
had  been  left  unburned.  Further,  it  was  found  that,  when  slas> 
is  burned  after  cutting  operations,  the  fire  hazard  can  be  expected 
either  to  be  similar  to  that  existing  before  the  area  was  cut  co 
slightly  higher  because  of  increased  insolation.  Other  investigatoir 
have  found  that,  under  full  insolation,  fuel  temperatures  approachi 
ing  150°  F.  are  not  uncommon. 

The  conclusions  drawn  here  will  hold  true  only  if  the  slas> 
burning  operations  have  been  thoroughly  carried  out,  in  whicl 
case  all  the  slash  in  the  piles  will  have  been  destroyed.  It  is  to  h 
expected,  however,  that  in  some  instances  the  original  duff  am 
litter  will  be  left  unburned  between  the  piles. 

Of  the  test  plots  burned  in  this  group,  one  was  not  include 
in  the  analysis.  The  plot  description  indicates  that  there  w; 
an  85  percent  coverage  of  jack  pine  duff  and  litter  on  the  pl( 
as  opposed  to  an  average  of  less  than  10  percent  on  the  remainin 
6  plots  representing  this  treatment.  The  depth  of  litter  an 
humus  on  that  was  double  the  average  of  the  other  plots.  Th 
was,  no  doubt,  a  result  of  the  unusually  high  density  of  tV 
residual  stand.  Observations  made  on  this  plot,  therefore,  wei: 
excluded  from  the  analysis  on  the  basis  that  fuel  conditions  wei^ 
not  typical. 

Figure  1  shows  the  comparative  hazard  to  be  expected  wit 
each  type  of  slash  treatment  studied  and  with  slash  age.  TI 
curve  for  piled  and  burned  slash  (fig.  1)  describes  the  hazai 
of  burned  slash  over  the  years  since  it  was  cut.  This  curve  shov  I 
that,  if  slash  burning  is  done  thoroughly,  the  hazard  will  1 
almost   nonexistent    immediately   afterward    and    will    increas 
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Figure  1. — Variation  in  hazard  with  age  of  slash. 

A^ithin  a  period  influenced  by  the  density  of  the  residual  stand 
md  the  growth  of  new  vegetation,  to  a  value  comparable  to 
:hat  in  the  uncut  stand. 

Unhurned  slash. — The  analyses  of  tests  on  unburned  slash 
ihowed  that  fire  hazard  will  remain  comparatively  high,  regard- 
less of  treatment,  for  at  least  10  years  after  the  cut.  Figure  1 


5  FIRE  CONTROL  NOTES 

shows  the  percent  of  worst  possible^  hazard  to  be  expecte 
with  each  disposal  method.  These  methods  are  listed  in  decreae 
ing  hazard  potential  at  a  slash  age  of  approximately  2  years 
(1)  Lopped  and  scattered;  (2)  piled  and  not  burned;  (3)  lei 
as  cut;   (4)  tops  only. 

Differences  in  hazard  owing  to  the  use  of  different  treatment 
of  unburned  slash,  however,  w^ere  found  to  be  small  and  of  littl 
significance.  Of  somewhat  greater  significance  is  the  fact  tha 
slash  which  has  been  lopped  and  scattered  or  left  as  cut  deter: 
orates  more  rapidly  over  the  years  than  that  which  has  bee 
piled  and  left.  Thus  the  hazard  existing  in  cut-over  areas  wher 
the  slash  has  been  scattered  or  left  strewn  about,  althoug 
initially  high,  falls  off  with  age  at  a  relatively  rapid  rate. 

On  areas  where  tops  only  have  been  left  after  cutting,  th 
hazard  is  lower  than  when  other  treatments  have  been  employe 
and  the  reduction  in  hazard  over  the  years  parallels  closely  tha 
for  piled  slash.  It  should  be  borne  in  mind,  however,  that  in  th 
Sandilands  area  stands  are  typically  open,  and  this  type  of  slas 
consists  mainly  of  scattered  tops.  Where  this  treatment  is  use 
in  heavy  stands  the  tops  are  more  or  less  contiguous  and  th 
slash  resembles  that  left  as  cut. 

Of  the  test  fires  made  in  slash  which  had  been  piled  an 
left,  only  6  of  the  7  fires  were  considered  to  be  truly  representati\ 
of  normal  conditions.  A  changing  wind  direction  during  th 
course  of  the  burning  of  one  plot  prevented  the  fire  from  bumin 
consistently  on  any  one  front.  Also,  there  were  more  bare  patche 
on  this  plot  than  were  normally  encountered  on  the  remainin 
six  plots.  In  consequence,  observations  made  on  that  plot  wer 
not  included  in  the  analysis. 

The  average  height  of  the  piled  slash  was  3  feet  and  when  th 
test  fire  was  in  progress,  sufficient  heat  was  produced  by  th 
burning  piles  of  slash  to  promote  the  rapid  spread  of  the  fii 
between  the  piles.  This  was  normally  a  distance  of  20  feet.  Unde 
the  piles,  all  duff  and  organic  matter  was  completely  burned  t 
mineral  soil,  whereas  between  piles  the  burn  was  light.  Ther 
was  less  falling  off  of  hazard  with  slash  age  than  occurred  whe 
the  lopped-and-scattered  or  left-as-cut  methods  were  employee 

In  almost  all  areas  of  piled  slash  and  tops  only,  there  wei 
sufficient  surface  fuels  to  allow  the  fire  to  run  from  pile  to  pi] 
or  from  top  to  top. 

Conclusions 

In  the  region  and  season  in  which  these  tests  were  made,  th 
burning  of  jack  pine  slash,  when  thoroughly  carried  out,  wi 
reduce  the  fire  hazard  to  a  level  comparable  to  that  of  the  unci 
forest  and  to  about  one-third  of  that  of  unburned  slash.  Ther< 
fore,  where  hazard  reduction  is  of  primary  importance,  serioi 
consideration    should  be  given  to    slash   burning  after  cuttin 

'"Worst  possible"  refers  to  the  highest  hazard  rating  based  on  tl 
0  to  16  danger  index  scale. 
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jperations.  This  is  tlie  only  commonl\'  used  slash  disposal  method 
>vhich  is  effective  in  reducing  the  fire  hazard. 

The  hazard  resulting  from  unburn ed  slash  is  comparatively 
ligh  for  at  least  10  years  after  it  has  been  cut;  about  3  times 
IS  great  as  the  hazard  of  the  uncut  forest.  Some  further  effects 
regarding  unburned  slash  were  noted  in  this  study:  (a)  The 
lazard  is  highest  immediately  following  the  cut  when  the  dead 
'oliage  is  still  clinging  to  the  twigs,  (b)  The  hazard  diminishes 
gradually  as  the  needles  dry  and  fall — that  is,  until  approximately 
[  years  after  the  slash  has  been  cut.  (c)  From  this  point  until 
;he  slash  is  8  or  9  years  old,  the  hazard  decreases  slowiy  as  the 
lebris  weathers  and  compacts,  (d)  After  this  time  the  slash 
las  been  reduced  by  weathering  and  other  action  to  a  point 
vhere  it  is  overgrown  by  an  increasing  abundance  of  vegetation. 
A^ith  this  increased  shade,  the  slash  receives  less  ventilation 
md  solar  radiation  and,  as  a  result,  the  rate  of  moisture  loss  is 
•educed,  thus  further  lessening  the  hazard. 
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'IGURE  2. — Deterioration  of  unburned  slash  with  age,  and  growth  of  ground 

vegetation  after  cut. 
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An  illustration  of  this  process  is  given  in  figure  2.  The  1 
curves  show  the  relationship  between  average  height  of  slasl 
and  height  of  ground  vegetation  during  the  first  12  years  fol 
lowing  the  cut.  From  this  graph  it  appears  that  green  vegetatioi 
begins  to  overtop  the  slash  10  years  after  the  cut.  Figure  1  show, 
a  general  falling-off  of  fire  hazard  at  approximately  this  sam^ 
point.  It  may  be  expected  that,  where  environmental  condition 
differ  from  those  of  the  area  under  study,  the  rate  of  slasl 
deterioration  and  vegetative  growth  may  also  be  different. 

The  small  differences  in  hazard  resulting  from  the  use  o 
the  four  different  treatments  of  unburned  slash  are  more  or  les 
of  academic  interest  only.  The  choice  of  one  method  over  anothe 
will  depend  a  great  deal  on  the  chooser's  point  of  view.  Fo 
example,  it  may  be  felt  that  the  high  initial  hazard  of  slasl 
which  has  been  lopped  and  scattered  or  left  strewn  over  an  are; 
is  offset  by  the  relatively  rapid  rate  of  hazard  decrease  whic] 
would  obtain  with  increasing  slash  age.  Others  may  argue  tha 
this  high  initial  hazard  is-  too  risky  to  tolerate  under  an;i 
circumstance. 

Although  Johnson  (^)  found  that  the  poorest  regeneratioi! 
resulted  from  piling  and  burning,  no  slash  treatment  studied  gav^ 
a  satisfactory  stocking  of  seedlings.  Thus,  because  it  results  ii 
the  low^est  hazard,  the  piling  and  burning  of  jack  pine  slasl 
should  be  carried  out  whenever  it  is  economical  to  do  so. 
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THE  CHRISTMAS  EVE  PRESCRIBED  BURN 

Albert  A.  Thomas^ 

East  Gulf  coast  Research  Center,  Southern  Forest 

Experiment  Station 

It  was  the  morning  before  Christmas,  Santa  Claus  was  load- 
ing up  and  the  holly  and  mistletoe  were  being  hung.  Gifts  were 
being  wrapped,  and  the  weather  was  just  right  for  prescribed 
burning  on  the  Escambia  Experimental  Forest.  The  south  Ala- 
bama woods  were  damp,  the  north  wind  was  swaying  the  tree 
tops,  and  the  air  temperature  was  near  freezing.  This  was  the 
weather  the  Escambia  foresters  had  wanted  for  nearly  2  months. 
Brown-spot  needle  disease  had  invaded  several  large  areas  of 
longleaf  reproduction  on  the  forest.  The  only  practical  way  to 
save  the  infected  seedlings  was  to  prescribe-burn,  and  this  was 
the  day  for  the  job.  Seven  years  of  study  and  experience  went 
into  the  planning  and  application  of  the  Christmas  Eve  bum 
(fig.  1). 
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Figure  1. — In  the  Christmas  Eve  prescribed  burn,  nearly  1,400  acres  of 
longleaf  pine  seedlings  were  rid  of  brown-spot  disease  at  a  cost  of  6 
cents  an  acre  by  4  men  working  4  hours. 


This    article    first    appeared    in    the    March    1956    issue    of    American 
Forests  and  is  republished  here  through  courtesy  of  that  periodical. 
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Prescribed  burning  is  a  calculated  risk.  The  risk  should  be 
taken  only  after  careful  planning  and  preparation  based  on  a 
thorough  understanding  of  fire  and  fire  behavior.  The  guiding 
principle  for  prescribed  burning  on  the  Escambia  is  the  burning- 
yardstick. 

The  yardstick  is  simple.  Benefits  from  the  fire  must  exceed 
all  burning  cost  plus  fire  damages.  Application  is  more  complex, 
A  five-step  procedure  is  used:  diagnosis,  prescription,  prepara- 
tion, treatment,  and  appraisal.  When  properly  followed  this  pro- 
cedure removes  most  of  the  gamble,  and  fire  becomes  a  useful 
tool  in  the  longleaf  forest. 

Diagnosis 

First,  exactly  what  areas  on  the  forest  contained  heavy 
brown-spot  infection?  What  damages  could  be  expected  from  the 
use  of  prescribed  fire?  To  find  out,  a  survey  was  made.  After 
the  first  killing  frost  in  early  November,  the  percent  of  brown- 
spot  infection  was  estimated  on  a  minimum  of  100  longleaf 
seedlings  on  each  10-  to  40-acre  reproduction  area. 

The  survey  showed  several  hundred  acres  of  grass-stage  long- 
leaf  reproduction  infected  with  brown  spot,  with  the  degree 
of  infection  ranging  from  a  low  of  15  percent  to  a  high  of  over 
35  percent.  Past  experiments  and  experience  have  shown  that 
areas  with  25  percent  or  more  infection  in  November  should  be 
prescribe-burned  during  the  coming  winter.  To  prevent  rein- 
fection, the  area  surrounding  the  seedlings  should  also  be  burned 
where  possible. 

Longleaf  seedlings  can  generally  be  burned  safely  if:  (1) 
they  are  at  least  one-half  inch  in  diameter  at  the  root  collar; 
(2)  very  little  root  is  exposed;  and  (3)  the  seedlings  are  not  in 
active  height  growth.  The  survey  showed  that  if  fire  was  applied 
properly,  damage  should  be  confined  to  a  few  scattered  seedlings 
1  to  5  feet  high  that  were  already  nearly  dead  from  brown  spot. 

The  areas  that  needed  burning  were  mapped.  Then,  to  plan 
for  control  of  the  fire,  information  was  obtained  on  the  condition 
of  rough,  natural  fire  breaks,  roads,  and  trails. 

Tl  e  diagnosis:  Several  large  areas  were  dangerously  infected. 
Fire  was  needed  and  could  be  applied  without  excessive  damage. 

Prescription 

Next  was  to  prescribe  the  fire  treatment  for  each  area — the 
kind  of  fire  and  the  weather  needed. 

If  the  areas  had  had  a  heavy  rough  and  lots  of  draped  fuel, 
a  backfire  would  have  been  prescribed.  Heavy  roughs  with  draped 
fuel  burn  very  hot,  and  unnecessary  overhead  scorch  to  standing 
timber  would  occur  if  headfire  were  used.  The  survey  showed, 
however,  that  the  areas  contained  a  light  rough — a  small  ac- 
cumulation of  pine  straw  and  not  much  grass.  A  fast-running 
headfire  would  be  safe  and  do  a  better  job  than  a  backfire. 
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Weather  is  the  most  important  factor  in  prescribed  burning, 
vold  weather  and  plenty  of  ground  moisture  are  essential.  This 
neans  burning  in  winter  as  soon  as  possible  after  1  inch  or 
nore  of  rainfall  To  get  a  fast-moving  headfire,  a  moderate,  cold 
lorth  wind  is  needed — north  wind  because  it  is  usually  depend- 
ible  and  steady  in  south  Alabama.  To  insure  that  all  areas  will 
)e  covered  while  ideal  weather  lasts,  fires  should  be  started  by 
L0:00  a.  m.  and  be  completely  under  way  by  noon. 

The  presci'iption:  A  headfire  on  a  day  when  ground  moisture 
-vas  plentiful  and  a  moderate,  steady,  cold  north  wind  was 
blowing.  The  fire  to  be  under  way  before  noon  and  to  cover  the 
ireas  in  a  few  hours. 

Preparation 

Successful  burning  can  only  be  done  after  thorough  prepara- 
ions  for  applying  and  controlling  the  fire. 

In  delineating  each  area  to  burn,  natural  firebreaks  such  as 
•oads  and  streams  were  used  wherever  possible,  to  save  firebreak 
'ontruction.  Nearby  landowners  were  contacted.  Letting  neigh- 
)ors  know  what's  going  on  is  always  good  public  relations,  and 
)n  the  Christmas  Eve  Burn  permission  was  needed  to  burn  two 
ireas  into  natural  firebreaks  outside  the  forest  boundary.  This 
;aved  more  than  one-half  mile  of  firebreak  construction,  and 
eliminated  two  heavily  infected  areas  adjoining  the  forest. 

Since  the  prescription  called  for  headfire  and  a  north  wind, 
I  lines  about  100  feet  apart  were  plowed  and  burned  on  the 
;outh,  east,  and  west  boundaries  to  control  the  fire  where  natural 
irebreaks  were  not  available.  On  the  north  side  of  the  area  only 
I  single  plowed  line  was  necessary. 

Next,  was  to  be  sure  a  headfire  would  be  under  way  in  all 
ireas  by  noon  of  D-day,  and  that  burning  would  be  completed 
\  few  hours  later.  The  map  showed  that  one  line  of  fire  along 
;he  north  boundary  would  have  to  travel  more  than  a  mile, 
rhis  is  too  far.  Experience  has  shown  that  one-half  mile  is 
ibout  the  maximum  for  the  time  allowed  in  the  prescription. 
>therwise,  the  burn  may  not  be  completed  before  weather  con- 
litions  change.  Another  east-west  firing  line  was  therefore  put 
n.  Natural  firebreaks  could  be  used  to  fire  the  rest  of  the  area. 

A  total  of  9  miles  of  line  had  to  be  fired.  One  torch  man  would 
)e  able  to  fire  about  3  miles  in  the  allotted  2  hours  between  10:00 
I.  m,  and  noon.  The  line  was  roughly  divided  into  3-mile  sections 
md  assigned  to  men  designated  as  Torches  1,  2,  and  3.  Since 
L-gallon  fire  torches  hold  only  enough  fuel  for  about  three- 
fourths  of  a  mile  of  line,  refueling  cans  would  be  needed  at 
ntervals  along  the  line.  A  small  letter-size  map  was  prepared 
:o  show  each  torch  man  (1)  the  line  to  fire,  (2)  the  direction  of 
:ravel,  (3)  locations  of  refueling  cans,  and  (4)  how  to  fire  his 
C)art  of  the  line.  A  crew  of  3  torch  men  and  1  man  supervising 
md  patrolling  the  burning  area  was  required. 

By  early   November   everything  was   ready   except   the   most 
mportant  item,  the  weather. 
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Treatment 

It  was  the  day  before  Christmas,  Santa  Glaus  was  busy  witl 
his  myriad  preparations  for  his  trip  that  night,  but  the  weathe: 
was  just  what  the  doctor  ordered  for  prescribed  burning.  Then 
had  been  almost  3  inches  of  rainfall  in  the  past  3  days.  Ai: 
temperature  was  down  to  29 °F.  A  cold  front  was  overhead  am 
a  moderate,  steady,  north  wind  was  blowing.  The  Weathe: 
Bureau  predicted  that  this  condition  would  last  for  10  to  11 
hours. 

Early  morning  telephone  calls  were  made  ordering  the  crev 
to  get  into  their  ''burning'*  clothes.  The  Alabama  and  Florid* 
forestry  departments  were  notified  to  expect  a  big  smoke  starting 
at  10  o'clock.  Torch  fuel  was  distributed  to  the  planned  point 
along  the  burning  lines.  At  9 : 30  a.  m.  the  crew  met  on  the  forest 
A  small  test  fire  was  set  and  then  each  torch  man  was  brief e( 
and  given  his  map.  At  exactly  10  o'clock  all  three  torches  starte( 
firing.  A  few  minutes  after  12  noon  all  torches  were  through  anc 
well  over  half  of  the  area  was  burned.  At  2  o'clock  over  9< 
percent  of  the  area  was  burned.  By  3  o'clock  the  crew,  tired  bu 
satisfied,  was  back  home  helping  Santa  Claus. 

Appraisal 

What  were  the  benefits?  Longleaf  experts  agree  that  a  heav; 
infection  of  brown  spot  can  ruin  a  stand  of  seedlings.  The  estafc 
lished  seedlings  treated  by  the  Christmas  Eve  Burn  were  wortJ 
at  least  $4,000.  It  is  doubtful  that  half  of  these  would  hav 
survived  and  grown  without  the  prescribed  fire.  At  least  $2,00 
worth  of  seedlings  were  saved. 

What  was  the  cost?  The  whole  job,  including  diagnosis,  pre 
scription,  preparation,  treatment,  and  appraisal,  came  to  les; 
than  $100. 

What  were  the  damages?  A  seedling  survey  after  the  fir 
showed  less  than  1  percent  loss  in  stocking — a  value  of  not  mor 
than  $50.  Most  of  the  lost  seedlings  were  stunted  and  heavil 
infected  with  brown  spot  and  probably  would  have  died  anywaj 
Their  value  was  more  than  offset  by  many  fringe  benefits,  sue 
as  hardwood  brush  control,  seedbed  preparation,  hazard  reductior 
and  a  large  area  burned  to  prevent  reinfection  of  the  reproductio 
areas. 

The  burning  yardstick  showed  that  the  benefits  of  seven 
thousand  dollars  in  brown-spot  control  far  exceeded  the  burnin 
cost  plus  the  minor  damages  of  the  fire. 


\  READYREFERENCE  RADIO  DISPATCH  BOARD 

George  W.  Dean 
State  Forester,  Virginia 

The  large  number  of  mobile  and  tower  radios  now  in  service 
A^ith  the  Virginia  Division  of  Forestry  made  it  necessary  to 
ind  a  simple  record  system  that  would  expedite  the  clerk-dis- 
Datcher's  job  of  keeping  track  of  the  frequent  changes  in  location 
md  activities  of  men  in  the  field.  One  district  forester  devised 
mch  a  system  from  a  piece  of  acoustical  tile  and  roofing  nails, 
md  with  a  minimum  number  of  changes  the  unit  was  workable 
statewide. 

The  ready-reference  board  is  made  of  %-inch  plywood  14 
nches  wide,  and  it  is  l4  inches  or  more  in  height  (fig.  1),  depend- 
ng  upon  the  number  of  radios  in  use.  Holes  are  bored  on  i/>-inch 
.'enters  large  enough  to  accommodate  8-penny,  double-headed 
lails.  Since  the  entire  length  of  nail  is  not  necessary,  it  is  cut 


Figure  1.^ — The  ready-reference  radio  dispatch  board. 
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in  half,  A  small,  compartment  tray,  which  is  screwed  to  th( 
bottom  of  the  board,  serv^es  as  a  storage  bin  for  the  nail  pegs 
The  nail  pegs  are  painted  red  for  off-air,  green  for  on-air,  anc 
yellow  for  special  messages.  The  board's  vertical  columns  ar< 
headed  by  counties  in  the  district  and  major  jobs,  and  ont 
column  is  headed  "Special  message."  The  column  to  the  extreme 
left  lists  the  mobile  or  tower  units. 

When  a  unit  signs  on  the  air,  the  clerk  places  a  green  nai 
in  the  hole  opposite  the  name  and  under  the  proper  county.  I: 
the  unit  is  called  to  a  fire,  a  green  nail  is  added  to  the  horizonta 
column  under  the  vertical  heading  **0n  fire."  Should  the  uni 
sign  off  the  air  to  go  in  on  the  fire,  the  clerk  replaces  the  3  greei 
nails  with  red  ones.  If  a  special  message  comes  in  for  the  off-ai] 
unit,  a  yellow  reminder  nail  is  placed  in  the  special  message 
column.  When  the  unit  signs  on,  the  red  nails  are  replaced  witl 
green,  the  special  message  is  given,  and  the  yellow  nail  i 
removed. 

A  large  district  map — a  montage  of  county  maps  on  whicl 
towers  are  located  and  provided  with  azimuth  circles  am 
strings — is  used  to  supplement  the  dispatcher's  ready-referenc 
beard  (fig.  2).  This  map  is  covered  with  clear  plastic,  the  kin* 
used  for  inexpensive  storm  windows.  As  fires  spring  up,  entrie 
are  made  on  the  plastic  with  grease  pencil,  and  a  note  as  t 
who  from  the  district  oflSce  is  on  a  fire  is  also  entered.  Mistake 
or  changes  are  easily  erased  with  a  swipe  of  a  cloth.  Of  course 
the  ready-reference  dispatch  board  and  plastic-covered  work  ma; 
are  valuable  only  if  they  are  kept  up-to-date  and  supplemented 
with  essential,  written  or  otherwise,  posted  material. 


FiGT'RE   2. — A   grease   pencil   is  used   to   keep   information   current  on  th 
plastic-covered,  fire  locator  map. 


OLD-GROWTH  CONVERSION  ALSO  CONVERTS 
FIRECLIMATE 

C.  M.  Countryman 
Forester,  California  Forest  and  Range  Experiment  Station^ 

Converting  an  old-growth  forest  presents  problems  that  have 
long  challenged  foresters,  engineers,  and  economists.  Road  loca- 
tion, method  of  cutting,  fire  control,  and  slash  disposal  are  all 
critical  jobs.  In  terms  of  fire  control,  the  forest  manager  has 
been  concerned  primarily  with  slash  disposal  and  fire  suppression 
in  slash  areas.  He  has  frequently  observed  the  great  difference 
in  fire  behavior  between  slash  and  uncut  areas,  and  quite  natur- 
ally has  associated  this  difference  with  the  obviously  different  fuel 
conditions. 

Although  the  general  relations  between  weather  factors,  fuel 
moisture,  and  fire  behavior  are  fairly  well  known,  the  importance 
of  these  changes  following  conversion  and  their  combined  effect 
on  fire  behavior  and  control  is  not  generally  recognized.  The 
term  "fireclimate,"  as  used  here,  designates  the  environmental 
conditions  of  weather  and  fuel  moisture  that  affect  fire  behavior. 
It  does  not  consider  fuel  created  by  slash  because  regardless  of 
what  forest  managers  do  with  slash,  they  still  have  to  deal  with 
the  new  fireclimate.  In  fact,  the  changes  in  wind,  temperature, 
humidity,  air  structure,  and  fuel  moisture  may  result  in  greater 
changes  in  fire  behavior  and  size  of  control  job  than  does  the 
addition  of  more  fuel  in  the  form  of  slash. 

Conversion  which  opens  up  the  canopy  by  removal  of  trees 
permits  freer  air  movement  and  more  sunlight  to  reach  the 
ground.  The  increased  solar  radiation  in  turn  results  in  higher 
temperatures,  low^er  humidity,  and  lower  fuel  moisture.  The 
magnitude  of  these  changes  can  be  illustrated  by  comparing  the 
fireclimate  in  the  open  with  that  in  a  dense  stand.  It  is  the  same 
kind  of  difference  that  occurs  when  a  closed,  mature  stand  is 
clear  cut. 

In  the  open,  solar  radiation  impinges  directly  on  the  earth's 
surface.  Because  both  the  earth  and  the  aii-  above  it  are  poor 
conductors,  heat  is  concentrated  at  the  surface  and  in  the  layer 
of  air  next  to  it.  Ground  fuels  can  thus  become  superheated.  In 
full  sun  at  midday,  it  is  not  uncommon  for  surface  temperatures 
to  reach  165°  F.  or  more.-  At  the  same  time,  air  temperatures 
measured  at  the  standard  height  of  4V->  feet  in  an   instrument 


'Maintained  at  Berkeley,  Calif.,  by  the  Forest  Service,  U.  S.  Depart- 
ment of  Agriculture,  in  cooperation  with  the  University  of  California. 
This  article  was  first  published  in  the  Society  of  Ameiican  Foresters' 
Meeting  Proceedings  for  1955. 

"From  unpublished  data  in  files  of  California  Forest  and  Range  Ex- 
periment Station.   Similar  findings  were  also  reported   by: 

Geiger,  Rudolf,  climate  near  the  ground.  (Tians.  2d  German  ed.) 
482  pp.,  illus.  Cambridge,  Mass.  1950. 

Kittridge,  Joseph,  forest  influences.  o94  pp.,  illus.  New  York  and 
London.  1948. 
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shelter  may  not  exceed  85°  or  90°.  Temperatures  in  the  lower 
layers  of  air  in  the  open  decrease  rapidly  with  height  above  the 
ground.  In  a  typical  temperature  profile  in  northern  California, 
for  example,  the  temperature  was  135°  at  the  surface  and 
decreased  to  77°  at  5  feet  (fig.  1). 

Relative  humidity  will  vary  inversely  to  the  temperature  of 
the  air  as  long  as  the  amount  of  water  vapor  remains  constant. 
A  relative  humidity  profile,  then,  can  be  expected  to  be  the 
inverse  of  the  temperature  profile,  and  in  the  open  relative  humid- 
ity near  the  surface  is  much  lower  than  that  at  the  standard 
41/2   feet. 

These  temperature  and  humidity  relations  have  an  important 
influence  on  fuel  moisture.  In  the  absence  of  precipitation,  the 
moisture  content  of  dead  fuel  decreases  as  humidity  decreases  and 
as  temperature  increases.  Surface  fuels  can  thus  be  expected  to 
be  materially  lower  in  moisture  content  than  fuels  a  short  dis- 
tance above  the  ground  and  exposed  to  the  cooling  effect  of  wind. 
Measurements  of  standard  half-inch  fuel-moisture  indicator  sticks 
at  the  California  Forest  and  Range  Experiment  Station  have 
shown  that  the  minimum  daily  moisture  content  of  surface  fuels 
averages  only  about  half  that  of  fuels  10  inches  above  ground. 

A  mature,  closed  stand  has  a  fireclimate  strikingly  different 
from  that  in  the  open.  Here  nearly  all  of  the  solar  radiation  is 
intercepted  by  the  crowns.  Some  is  reflected  back  to  space  and 
the  rest  is  converted  to  heat  and  distributed  in  depth  through 
the  crowns.  Air  within  the  stand  is  warmed  by  contact  with  the 
crowns,  and  the  ground  fuels  are  in  turn  warmed  only  by  con- 
tact with  the  air.  The  temperature  of  fuels  on  the  ground  thus^ 
usually  approximates  air  temperature  within  the  stand. 

Temperature  profiles  in  a  dense,  mixed  conifer  stand  illus- 
trate this  process  (fig.  2).  By  8  o'clock  in  the  morning,  air 
within  the  crowns  had  warmed  to  68°  F.  Air  temperature  near 
the  ground  was  only  50°.  By  10  o'clock  temperatures  within  the 
crowns  had  reached  82°  and,  although  the  heat  had  penetrated 
to  lower  levels,  air  near  the  surface  at  77°  was  still  cooler  than 
at  any  other  level.  At  2:00  p.m.,  air  temperature  within  the 
stand  had  become  virtually  uniform  at  87°.  In  the  open  less  than 
one-half  mile  away,  however,  the  temperature  at  the  surface  of 
pine  litter  reached  153°  at  2 :  00  p.m. 

Because  of  the  lower  temperature  and  higher  humidity,  fuels 
within  the  closed  stand  are  more  moist  than  those  in  the  openi 
under  ordinary  weather  conditions.  Typically,  when  moisture- 
content  is  3  percent  in  the  open,  8  percent  can  be  expected  ini 
the  stand. 

Moisture  and  temperature  differences  between  open  and  closed) 
stands  have  a  great  effect  on  both  the  inception  and  the  behavior' 
of  fire.  For  example,  fine  fuel  at  8-percent  moisture  content' 
will  require  nearly  one-third  more  heat  for  ignition  than  will 
the  same  fuel  at  3-percent  moisture  content.  Thus,  firebrands 
that  do  not  contain  enough  heat  to  start  a  fire  in  a  closed  stand! 
may  readily  start  one  in  the  open. 
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Figure  1. — Typical  temperature 
profile  over  bare  ground  in  the 
open.  (Data  taken  at  12  a.m., 
Sept.  16,  1943,  Shasta  Experi- 
mental Forest.) 
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Figure  2. — Temperature  pro- 
files in  a  dense,  mixed  conifer 
stand  in  northern  California 
showing  the  progressive  down- 
ward transfer  of  heat  into  the 
stand  from  the  crowns.  (Data 
taken  Sept.  22,  1943.) 


Fires  starting  in  the  open  also  bum  more  intensely  and 
>uild  up  to  conflagration  proportions  more  quickly  since  less  of 
he  heat  produced  by  the  fire  is  used  in  evaporating  water  from 
he  drier  fuels.  Strong  convection  columns  that  can  carry  burning 
naterial  aloft  develop  rapidly;  these  columns  and  the  relative 
lase  of  ignition  in  the  open  are  largely  responsible  for  one  of 
he  major  fire  control  problems  in  clear-cut  slash  areas — that 
>f  spread  of  fire  by  spotting. 

Another  very  important  difference  between  fireclimate  in  a 
;losed  stand  and  fireclimate  in  the  open  is  in  air  movement.  In 
general,  wind  direction  and  velocity  2,000  feet  or  more  above  the 
urface  are  the  result  of  widespread  pressure  differences  and 
general  weather  conditions.  In  the  layer  of  air  below  2,000  feet, 
lUrface  friction  and  local  landscape  features  have  an  increas- 
ngly  important  effect  on  air  movement.  Consequently,  over  an 
ixtensive  closed  stand  wind  velocity  decreases  only  slightly  above 
he  crowns.  Within  the  stand,  however,  air  movement  is  much 
restricted,  seldom  exceeding  3  or  4  m.  p.  h.  even  with  velocities 
>f  25  to  30  m.  p.  h.  above  the  canopy  or  in  the  open  (fig.  3).'' 

Since  the  rate  of  forward  spread  of  fire  is  largely  dependent 
ipon  wind  velocity,  a  much  faster  rate  can  be  expected  in  the 
>pen,  at  least  in  the  initial  stages  of  the  fire.  For  example,  under 


^KlTTREDGE,   JOSEPH.    FOREST   INFLUENCES.   394   pp.,    illus.    New   York   and 
^ondon.  1948. 

FONS,     W.     L.     INFLUENCE     OF     FOREST     COVER     ON     WIND     VELOCITY.     Jour. 

i'orestry  38:  481-487,  illus.  1940. 

GiSBORNE,    H.    T.    HOW    THE    WIND    BLOWS    IN    THE    FOREST    OF    NORTHERN 

DAHO.  U.  S.  Forest  Serv.,  North.  Rocky  Mt.  Forest  and  Range  Expt.  Sta, 
2  pp.,  illus.  1941.  [Processed.] 
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Figure  3. — Left,  Typical  daytime  wind  profile  in  and  over  dense  conife 
stand.  Right,  Typical  daytime  wind  profile  over  level  ground  in  th 
open. 

moderate  conditions  of  fuel  moisture  and  temperature,  a  win 
velocity  of  25  m.  p.  h.  will  result  in  a  rate  of  spread  more  thaa 
5  times  as  great  in  the  open  as  in  a  closed  stand  because  o 
wind  differences  alone. 

Clear  cutting,  then,  can  change  fireclimate  so  that  fires  star 
more  easily,  spread  faster,  and  burn  hotter.  The  effect  of  thes 
changes  on  the  fire  control  problem  is  extremely  important.  Whe 
a  standard  fire  weather  station  in  the  open  indicates  a  tempera 
ture  of  85°  F.,  fuel  moisture  of  4  percent,  and  a  wind  velocit 

of  15  m.  p.  h. — not  unusual  burning  conditions  in  the  West 

fire  starting  on  a  moderate  slope  will  spread   4.5  times  as  fass 
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in  the  open  as  in  a  closed  stand.  The  size  of  the  suppression  job, 
however,  increases  even  more  drastically. 

Greater  rate  of  spread  and  intensity  of  burning  require  con- 
tix)l  lines  farther  from  the  actual  hre,  increasing  the  length  of 
fireline.  Line  width  also  must  be  increased  to  contain  the  hotter 
fire.  Less  production  per  man  and  delays  in  getting  additional 
crews  complicate  the  control  problom  on  a  fast-moving  fu*e.  It 
has  been  estimated  that  the  size  of  the  suppression  job  increases 
nearly  as  the  square  of  the  rate  of  forward  spread.  Thus,  fire 
in  the  open  will  require  20  times  more  suppression  effort.  In 
other  words,  for  each  man  required  to  control  a  surface  fire  in 
a  mature  stand  burning  under  these  conditions,  20  men  will  be 
required  if  the  area  is  clear  cut. 

Methods  other  than  clear  cutting,  of  course,  may  bring  a 
less  drastic  change  in  fireclimate.  Nevertheless,  the  change  result- 
ing from  partial  cutting  can  have  important  effects  on  fire.  The 
moderating  effect  that  a  dense  stand  has  on  the  fireclimate 
usually  results  in  slow-burning  fires.  Ordinarily,  in  dense  timber 
only  a  few  days  a  year  have  the  extreme  burning  conditions  under 
which  surface  fires  produce  heat  rapidly  enough  to  carry  the 
fire  into  the  crowns.  Partial  cutting  can  increase  the  severity  of 
the  fireclimate  enough  to  materially  increase  the  number  of 
days  when  disastrous   crown  fires  can  occur. 

Forest  management  is  impossible  without  adequate  fire  con- 
trol, and  it  is  axiomatic  that  fire  control  planning  is  a  vital  part 
of  timberland  management.  It  is  important  to  recognize  that 
besides  creating  additional  fire  hazard  in  the  form  of  slash,  stand 
conversion  can  alter  the  fireclimate  for  many  years.  Therefore, 
the  effect  of  silvicultural  practices  on  fireclimate  must  be  given 
major  consideration  in  the  management  plan  for  the  forest. 
Protection  must  be  adequate  to  compensate  for  the  changes  in 
fireclimate  as  well  as  for  slash.  This  is  the  only  way  to  insure 
that  we  conveil  our  old-growth  forests  to  managed  stands  and 
not  to  wasteland. 


ICE  HYDRANT  PROVIDES  EMERGENCY  WINTER 
WATER  SUPPLY  FOR  FIRE  FIGHTERS 

Federal  Civil  Defense  Administration^ 

Glen  Miller,  Civil  Defense  Fire  Chief,  Moose  Pass,  Alaska, 
has  developed  an  ice  hydrant,  first  of  its  kind,  that  can  provide 
an  emergency  water  supply  for  fire-fighting  forces  in  those  com- 
munities located  near  lakes  and  streams  which  are  frozen  over 
during  winter  months. 

Miller's  idea  involves  the  use  of  diesel  oil  to  keep  a  water 
hole  open  in  the  ice  of  a  lake  or  stream.  A  55-gallon  oil  drum, 
with  both  ends  removed  and  supported  by  timbers,  is  inserted 
into  a  water  hole  (fig.  1).  The  drum  is  braced  so  that  approxi- 
mately 12  inches  remains  above  the  surface  of  the  ice.  Miller 
calculated  that  30  gallons  of  diesel  oil  in  the  drum  would  be 
necessary  to  extend  the  oil  level  through  18  inches  of  ice  to  the 
water  level. 

After  two  successful  tests  of  the  device  at  Lake  Hood,  Anchor- 
age Civil  Defense  officials  reported  these  details  of  the  project, 
together  with  their  recommendations: 

1.  In  areas  faced  with  excessive  icing,  ice-hydrant  oil  con- 
tainers should  consist  of  two  55-gallon  drums  welded  together 
for  a  total  length  of  72  inches.  Any  sturdily  constructed  steel 
or  iron  cylinder,  such  as  24-inch  culvert  pipe,  will  serve  as  well 
as  55-gallon  drums. 

2.  By  increasing  the  height  of  the  oil  column  in  the  cylinder 
to  24  or  30  inches  above  the  upper  ice  surface,  sufficient  oil 
pressure  would  be  developed  to  reduce  the  degree^  of  freezing 
below  the  oil  level. 

3.  Twenty-foot  lengths  of  41/2-inch  hard  suction  hose  are 
more  adaptable  for  use  in  an  ice  hydrant  than  10-foot  sections 
of  4-inch  hose.  In  pumping  through  an  ice  hydrant,  the  suction 
hose  should  be  connected  to  the  pump  before  passage  through 
the  oil  cylinder  into  the  w^ater,  in  order  to  cut  down  or  eliminate 
the  intake  of  oil. 

4.  The  degree  of  bend  required  to  extend  hard  suction  hose 
from  a  pumper  through  the  ice  hydrant  indicates  that  an  oil 
cylinder  with  a  diameter  of  less  than  24  inches  would  be  imprac- 
tical if  not  unworkable. 

5.  Hard  suction  hose  to  be  inserted  in  the  ice  hydrant  should 
be  wrapped  with  masking  tape  as  protection  against  oil  damage. 
In  the  brief  test,  however,  6  feet  of  the  exterior  of  the  hose  was 
covered  with  diesel  oil,  with  no  evidence  of  damage.  Methyl 
alcohol  was  used  to  remove  all  trace  of  the  oil  after  the  test. 


This  slightly  shortened  article  appeared  originally  in  March   1956  af 
Fed.  Civ.  Defense  Tech.  Serv.   (Fire  Off.)   Leaf.  289. 
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SECTION    A-A 
Figure  1. — Ice  hydrant. 
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6.  A  tight-fitting,  well-insulated  cover  for  the  ice  hydrant 
will  cut  down  the  formation  of  ice  and  prevent  humans  and 
animals  from  falling  into  the  oil-filled  hole. 

7.  A  6-foot  long  ice  chisel  or  bar  and  an  8-  to  12-inch  mesh 
strainer  should  be  stationed  near  each  hydrant  for  clearing  and 
removing  ice  from  the  cylinder. 

8.  Until  an  oil-tight  cover  is  developed  for  attachment  to  the 
intake  end  of  the  hard  suction  hose,  the  initial  discharge  of 
water  should  not  be  played  on  a  fire.  Such  oil  as  enters  the  hose 
is  cleared  in  a  matter  of  seconds  after  pumping  has  started. 

9.  Before  a  thaw,  the  oil  in  the  ice  hydrant  should  be  removed 
or  burned  to  avoid  water  contamination  or  harm  to  fish  or 
wildlife. 

-k  i^  i? 

The  IBM  and  Forest-Fire-Report  Computation 

The  State  of  Louisiana  has  7,000  to  10,000  wildfires  eachi 
year,  most  of  which  occur  during  a  6-month  period.  Until  re- 
cently, the  computation  and  recording  of  statistics  from  these 
fires  required  the  services  of  a  full-time  clerical  helper.  During^ 
the  height  of  the  fire  season  the  reports  were  so  abundant  that; 
statistics  could  not  be  kept  current;  and  during  the  green  season, 
there  was  time  to  spare. 

The  clerical  position  was  not  particularly  interesting  becausee 
of  its  routine  nature,  and  this  fact  created  a  personnel  turnover;; 
with  each  turnover  the  system  bogged  down.  The  major  weakness^ 
in  our  system,  however,  was  borne  out  vividly  after  the  1952 
emergency  fire  season.  On  top  of  the  Gargantuan  job  of  com- 
piling the  fire  statistics  came  requests  for  detailed  comparisons^ 
of  fire  records.  It  was  next  to  impossible  to  meet  this  request. 

The  problem  seemed  to  have  no  solution — i.e.,  until  we  de- 
cided to  explore  the  International  Business  Machines  System. 
Under  this  system  the  greater  part  of  the  information  recorded 
on  each  fire  report  is  punched  into  a  card:  Description  of  acreage 
burn  (natural  forest  acres,  planted  or  open)  ;  date  of  fire;  dis- 
trict, parish  or  county;  cause;  time  factors;  equipment;  man- 
hours;  forest  types  and  fire  intensity  (Class  Fire  Day)  ;  burning.^ 
and  build-up  index;  and  damage. 

The  greatest  single  time  and  cost  factor  in  this  system  in- 
volves punching  the  information  into  the  cards.  After  that,, 
summaries  are  mechanical.  The  cost  per  individual  fire  report! 
is  18  cents  as  opposed  to  about  28  cents  when  computed  by 
clerical  help.  In  addition  to  this  advantage,  greater  accuracy^ 
results,  current  information  is  available,  and  less  storage  space 
is  required.  Very  soon  we  shall  be  in  a  position  to  furnish  sta- 
tistical comparisons  in  2  days'  time — a  feat  that  used  to  take 
months  or  was  impossible. — Lambert  H.  Romero,  Staff  Forester,. 
Lomsiana  Forestry  Commission. 


EFFECT  OF  FIRELINE  MECHANIZATION 
ON  AREA  OF  BURNS 

Division  of  Fire  Control 
Region  8,  U.  S.  Fore.^t  Service 

A  question  frequently  arises  as  to  how  great  a  reduction  in 
ire  losses  can  be  expected  from  the  use  of  powered  fireline- 
luilding  equipment  in  the  place  of  handtools.  Past  studies  have 
ndicated  that  the  reward  of  mechanization  is  a  reduction  in 
uppression  costs  and  in  size  of  burns  and  resultant  damage, 
lowever,  findings  from  those  studies  were  subject  to  qualifica- 
ions  imposed  by  the  limited  number  of  years  of  mechanization 
nd  extent  of  areas  available  for  comparative  study.  Region  8 
as  now  completed  10  years  during  which  a  significant  number 
f  ranger  districts  were  sufficiently  supplied  with  mechanized 
reline  units  to  yield  sound  conclusions. 

An  analysis  has  been  made  of  the  records  of  22  Coastal 
Main  and  8  upland  mechanized  ranger  districts  to  determine 
he  number  of  fires  and  national-forest  acres  burned  during  the 
last  15  years.  The  data  were  assembled  by  5-y ear-period  totals, 
nth  the  fast-fire-spread  Coastal  Plain  areas  separate  from  the 
pland  districts.  Although  ranger  districts  were  divided  and 
tames  and  boundaries  changed  during  the  analysis  period,  each 
-year  statistical  period   still   covers  the  same  protection  areas. 

The  period  1941-45  reflects  results  of  handtool  fire  fighting: 
V2  years  of  Civilian  Conservation  Corps  labor  and  31/2  years  of 
lired  crews.  However,  there  were  some  tractor-plow  units  at 
i^ork  throughout  that  period,  with  increased  number  in  1945, 
^^hich  no  doubt  reduced  the  amount  of  timber  that  otherwise 
k^ould  have  burned. 

During  1946-50  the  design  and  quality  of  mechanized  units 
vere  improved  and  new  units  were  acquired  and  assigned  in 
[umbers  that  gave  the  ranger  districts  an  attack  strength  more 
early  equal  to  their  suppression  problems.  How^ever.  some  of 
f  the  fires  during  peak  loads  still  had  to  be  fought  by  hand. 

In  the  period  1951-55  only  a  few  additional  mechanical  units 
^'ere  acquired.  Suppression  action  and  results,  however,  were 
etter  because  of  past  experiences  that  developed  clearer  tactical 
oncepts  of  mechanized  attack  and  increased  the  skill  of  the 
perators  and  supporting  crews. 

The  base  data  employed  in  this  analvsis  is  massive,  involving 
L  total  of  24,344  Coastal  Plain  and  upland  fires  on  5,383,138 
cres,  and  covering  the  variety  of  forest  conditions  and  fire 
problems  found  in  the  approximately  1,000  miles  from  South 
Carolina  to  Texas.  Because  of  the  number  of  fires  analyzed  and 
heir  geographic  distribution,  and  the  spread  of  time  involved, 
uch  effects  as  human  error  or  seasonal  variations  are  blended. 
Phe  resultant  figures  also  absorb  the  effects  of  the  steady  increase 
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in  burning  intensity  and  resistance  to  control  occasioned  b; 
buildups  in  ground  fuels  and  timber-stand  densities  that  developer 
along  with  reductions  in  burned  area. 

The  most  significant  revelation  in  table  1  is  found  in  th 
end-result  figures  that  show  a  saving  of  two-thirds  of  the  aver 
age  acreage  lost  per  fire  when  mechanized  suppression  method 
are  used.  On  the  basis  of  present-day  fire  occurrence  and  wit) 
continuation  of  handtool  methods  on  these  districts,  assumin) 
no  increase  in  suppression  difficulties,  44,000  acres  would  bun 
annually  rather  than  14,000  acres.  The  calculation  of  averag 
fire  damage  shows  an  annual  saving  in  excess  of  $500,000.  Thi 
indicated  annual  saving  in  damage  alone  is  greater  than  th 
total  investment  in  fireline  equipment  for  the  ranger  district 
involved.  They  now  have  91  tractor-plow  units,  a  concentratioi 
of  1  unit  to  59,000  protected  acres,  with  an  average  annua 
occurrence  of  25.2  fires  per  100,000  acres. 


Table  1. — Effects  of  fireline  mechanization  on  average  loss  pe 

fire  on  22  Coastal  Plain^  and  8  upland-  national- for  est 

ranger  districts,  19^1-55 


Coastal  Plain 

Upland 

Suppression 
method 

Fires 

Total 
burn 

Average 

loss 
per  fire 

Fires 

Total 
burn 

Average 

loss 
per  fire 

Handtool : 
1941-45 

Mechanized : 
1946-50 
1951-55 

Number 
7,183 

6,573 
5,132 

Acres 
279,775 

96,925 
63,050 

Acres        Num,ber 
38.95     1      2,078 

14.74      '      1,714 
12.28      1      1,664 

Acres 
21,100 

8,914 
7,817 

Acres 
10.15 

5.2 

4.7 

'Alabama,  Florida,  Louisiana,  South  Carolina,  Mississippi,  Texas. 
•'Mississippi,  Alabama,  Georgia,  South  Carolina. 


SODIUM  CALCIUM  BORATE  AS  A 
FIRE  RETARD  ANT: 

A  Progress  Report 

Harry  R.  Miller 

Forester,  California  Forest  and  Range  Experiment  Station^ 

[Because  of  its  high  abrasive  and  soil-sterilant  qualities,  the  use  of  sodium 
calcium  borate  is  limited  to  the  California  experiment  until  further  ex- 
perience is  obtained  and  fire  apparatus  specifically  designed  to  handle 
the  mixture  is  made  available.  By  agreement  with  the  manufacturer, 
sodium  calcium  borate  is  supplied  only  through  the  California  Forest  and 
Range  Experiment  Station  until  the  experiments  have  been  completed. — Ed.] 

Tests  conducted  in  1955  suggest  that  chemical  fire  retardants 
can  open  up  a  new  era  in  forest  fire  control.  Retardants  were 
successfully  used  to  hold  the  flanks  and  rear  and  cooler  parts  of 
the  head  of  wildfires  in  brush  and  grass  and  for  rapid  construc- 
tion of  backfire  lines.  Aerial  delivery  of  retardants  was  shown  to 
be  feasible.-' 

Several  chemicals  had  shown  promise  for  wild  land  fire  con- 
trol during  Operation  Firestop  in  1954.  Since  only  plot  tests  were 
used  in  Firestop,  however,  the  practicability  of  using  chemical 
retardants  on  going  wildfires  needed  testing  before  research  to 
develop  the  most  effective  methods  and  formulations  was  under- 
taken. Consequently,  a  cooperative  research  study  was  established 
to  meet  the  following  objectives: 

1.  To  test  the  feasibility  of  using  chemicals  in  wild  land  fire 
control  under  full-scale  field  conditions. 

2.  To  gain  information  on  the  problems  involved  in  the  use 
of  chemicals  on  fires. 

Cooperators  with  the  California  Forest  and  Range  Experi- 
ment Station  in  the  field  program  were  the  California  Division 
of  Forestry,  Los  Angeles  County  Fire  Department,  and  the  Pacific 
Coast  Borax  Company. 

Test  Procedure 

Sodium  calcium  borate  was  the  retardant  selected  for  use  in 
this  study.  This  substance  is  representative  of  the  group  of 
chemicals  which  retard  firespread  by  their  insulating  qualities 
as  well  as  chemical  action.  Sodium  calcium  borate  is  an  ore  mined 
and  processed  on  the  West  Coast.  The  chemical  is  nontoxic  to 
human  beings  and  livestock.  It  is  slightly  corrosive  to  zinc  and 
brass  but  is  not  corrosive  to  iron.  Such  borate  compounds  may  be 
used  as  soil  sterilants  and  herbicides  when  applied  at  the  rate  of 
10  to  15  pounds  per  100  square  feet  of  surface  area  (fig.  1).  Less 


'Maintained  at  Berkeley,  Calif.,  by  the  Forest  Service,  U.  S.  Depart- 
ment of  Agriculture,  in  cooperation  with  the  University  of  California. 

This  article  first  appeared  in  a  slightly  different  fonn  as  U.  S.  Forest 
Serv.  Calif.  Forest  and  Range  Expt.  Sta.  Forest  Res.  Note  105,  chemical 
and  Range  Expt.  Sta.  Forest  Res.  Note  99,  12  pp.,  illus.  1955.  [Processed.] 

*Ely,  Joseph  B.,  and  Jensen,  Arthur  W.  air  delivery  of  water 
HELPS  CONTROL  BRUSH  AND .  GRASS  FIRES.  U.  S.  Forest  Serv.  Calif.  Forest 
and  Range  Expt.  Sta.  Forest  Res.  Note  99,  12  pp.,  illus.  1955.  [Processed.] 
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Figure  1. — An  area  in  Amador  County,  Calif.,  10  months  after  borate  had 
been  applied  on  a  test  fire  at  about  15  pounds  per  100  square  feet. 
Application  inhibited  the  germination  and  growth  of  all  annual  grasses 
in  the  area  treated. 

than  2  percent  of  the  material  is  soluble  in  water;  but  when 
finely  ground,  it  can  easily  be  put  into  a  stable  suspension  at 
concentrations  up  to  8  pounds  per  gallon  of  water.  Besides  a  high 
melting  point  (1,000°  €.),  the  chemical  has  other  properties  par- 
ticularly desirable  in  a  fire  retardant  to  be  applied  in  spray  form. 
It  covers  well  and  adheres  well  to  vegetation. 

Standard  pumper  tankers  equipped  with  centrifugal  pumps^ 
were  modified  slightly  for  these  field  tests.  Openings  were  made 
in  the  top  plate  of  the  tank  so  that  dry  chemical  could  be  poured 
easilj^  into  the  water.  Agitation  for  mixing  was  obtained  by  lead- 
ing a  bypass  pipe  from  the  pump  back  to  the  bottom  of  the  tank. 

Before  each  unit  was  put  into  operation,  its  crew  was  oriented 
by  personnel  from  the  Pacific  Coast  Borax  Company  and  the 
experiment  station.  Proper  mixing  and  possible  methods  of  appli- 
cation were  demonstrated.  One  member  of  each  tank-truck  crew 
was  trained  to  observe  the  effect  of  the  chemical  on  fire  and  tc 
record  the  information  necessary  for  evaluating  results.  Crew 
foremen  designated  the  method  of  application  on  each  fire.  In 
order  to  encourage  exploration  of  different  uses  and  techniques, 
precise  procedures  or  limitations  were  not  established. 

"A  small,  positive  displacement  pump  under  test  at  the  Arcadia  Equip- 
ment Development  Center  was  seriously  damaged  by  the  chemical  withir 
10  minutes. 
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Use  and  Results 

In  spite  of  the  severe  1955  fire  season  in  California,  the  test 
anits  had  only  a  few  opportunities  to  use  chemicals.  Neverthe- 
less, results  were  encouraging. 

Wild  land  fires. — Approximately-  5,800  feet  of  firelines,  4  to  6 
feet  wide,  were  pre  treated  (sprayed  in  advance  of  the  fire) 
through  grass  and  light  to  medium-heavy  brush  to  hold  the  flanks, 
rear,  and  head  of  fires.  The  fuel  was  coated  with  retardant 
applied  as  a  fine  spray  at  about  3  gallons  per  100  square  feet, 
5  to  30  minutes  before  it  w^as  reached  by  fire.  This  chemical  line 
^eld  except  for  one  small  section  in  grass  which  burned  through 
at  the  head  of  a  fire. 

According  to  the  associate  State  ranger  in  charge,  the  sodium 
calcium  borate  assured  control  of  one  flank  of  the  700-acre 
Camanche  Fire  that  occurred  in  Calaveras  County  in  September 
1955.  The  fire  boss  reported  that  attempts  to  backfire  from  a 
plain  waterline  were  ineffective,  and  the  tanker  crew  was  forced 
to  abandon  the  attack.  About  2,000  feet  of  chemical  line  w^as  then 
prepared  along  the  east  side  of  the  fii*e  and  fired  from  success- 
fully. 

Controlled  burning. — On  a  moderate  slope,  1,600  feet  of  line 
5  to  8  feet  wide  was  treated  through  grass  and  light  to  medium- 
lieavy  brush  across  the  head  and  on  the  flanks  of  the  fire.  The 
retardant  was  applied  to  the  fuel  as  a  fine  spray  at  3.5  gallons 
per  100  square  feet  and  allowed  to  dry  3  to  4  hours  before  the 
area  was  fired.  The  flanks  and  cooler  parts  of  the  fire  head  were 
contained  by  the  chemical  line.  Hot  parts  of  the  fire  head  burned 
through  the  line.  Experienced  observers  reported  that  these  same 
ftre  heads  probably  would  have  swept  across  cleared  firebreaks 
Df  the  same  width. 

Spot  fires. — A  serious  source  of  spot  fires  in  the  oak-woodland 
type  was  reduced  by  pretreating  scrub  oaks  inside  the  fireline. 
Surface  fuels  at  the  base  of  trees  and  about  4  feet  of  the  lower 
part  of  each  crown  were  sprayed  with  retardant.  The  chemically 
pretreated  scrub  oak  did  not  ignite  and  "'crown-out,"  whereas  un- 
treated trees  burned  readily. 

Backfiring  lines. — ^The  use  of  a  chemical  retardant  for  rapid 
construction  of  backfiring  lines  showed  excellent  possibilities  as 
a  fire  tool.  Crews  moved  through  light  brush  and  grass  at  a  fast 
walk,  applying  retardant  on  2-  to  4-foot  strips.  Backfiring  was 
successfully  done  from  these  lines  0  to  20  minutes  later. 

Direct  attack. — The  chemical  was  applied  as  a  spray  directly 
on  burning  light  brush  and  grass  fuels  along  1,500  feet  of  fire 
edge.  It  appeared  to  be  as  effective  as  water  in  cooling  down  and 
extinguishing  the  fire.  Fewer  reignitions  were  observed  than 
would  normally  occur  when  water  was  used  under  the  same 
conditions. 

Equipment. — ^A  Bean  type  spray  gun  proved  most  suitable  for 
applying  the  chemical  directly  to  burning  fuels.  An  overshot  or 
basement  applicator  (in  common  use  by  city  fire  departments) 
equipped  with  a  shutoff  valve  and  a  spray  tip  was  used  for  pre- 
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treatment  of  fuels.  This  applicator,  5  feet  long  with  a  30  degree 
bend  about  10  inches  from  the  tip,  was  excellent  for  spraying 
tall  or  dense  brush. 

Measurements  on  a  Berkeley  4-stage  centrifugal  pump  used 
in  Amador  County  showed  wear  of  .015  to  .022  inch  between  the 
suction  eye  and  wear  ring  of  each  stage,  and  .028  inch  in  the 
tail  shaft  bearing  at  the  discharge  end  of  the  pump.  Although 
this  amount  of  abrasion  is  large  compared  to  that  experienced 
with  clear  water,  it  is  about  the  same  as  normally  occurs  with 
dirty  irrigation  water.  Much  of  the  wear  probably  resulted  from 
the  mixing  process,  which  required  the  chemical  to  pass  through 
the  pump  several  times. 

Penetration  and  coverage  of  fuels  were  best  when  the  sodium 
calcium  borate  was  applied  at  a  concentration  of  5  pounds  per 
gallon  of  water,  through  a  spray  nozzle  of  4.5  to  7.0  gallons  per 
minute  capacity,  and  at  a  pressure  of  about  150  pounds  per 
square  inch. 

Conclusions  and  Recommendations 

1.  Chemical  fire  retardants  have  a  significant  advantage  over 
water  for  control  of  brush  and  grass  fires.  Chemicals  can  be  used 
effectively  to  stop  fires  or  materially  reduce  spread  whenever 
heat  output  is  not  too  great.  This  means  that  chemicals  can  be 
used  to  control  small  spot  fires  and  the  flanks,  rear,  and  wesih 
heads  of  large  fires.  The  chief  superiority  of  chemical  attacl^^ 
over  water  lies  in  the  long  time  that  chemicals  remain  effective 
This  lasting  quality  of  retardants  permits  treating  fuel  wel]l 
in  advance  of  the  fire.  For  example,  the  chemical  can  be  sprayecd 
in  a  straight  line  ahead  of  a  rough  irregular  fire  edge,  whereas.^ 
water  has  to  be  applied  directly  to  the  fire  edge. 

2.  Chemical  retardants  appear  to  have  much  broader  uses 
in  forest  fire  control  than  could  be  tested  in  1955.  Among  poten- 
tial uses  which  may  be  of  major  importance  are  aid  in  slash-fir( 
control,  widening  existing  firebreaks,  and  building  fireline  ir 
rocky  soil  where  bulldozers  cannot  be  used.  More  intensive  fielc 
testing  under  a  wider  variety  of  fuel  and  burning  conditions  h 
needed  to  establish  the  limits  of  potential  chemical  use. 

3.  Preliminary    indications    are    that    aerial    application    oJt 
fire  retardants   is  feasible.   Further  development  of  technique;' ; 
and  equipment  is  needed  to  utilize  the  full  potential  of  chemical 
in  this  method  of  fire  attack. 

4.  Equipment  and  methods  to  simplify  and  speed  the  mixin^^ 
of  chemicals  with  water  are  needed.  If  mixing  could  be  done  ai 
the  pump,  then  chemicals  could  be  carried  dry  in  hoppers  anci 
either  water  or  chemical  attack  could  be  selected  at  will.  Mixing j 
at  this  point  should  also  eliminate  most  abrasion  in  the  pump. 

5.  In  conjunction  with  field  tests,  laboratory  studies  art 
needed  to  determine  the  best  formulations,  concentrations,  an( 
application  rates  for  various  fire  situations. 
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PREVENTIVE  MAINTENANCE  PAYS  OFF 

Robert  F.  Wells 
Missouri  Conservation  Commissioyi 

Preventive  maintenance  of  vehicles  and  heavy  equipment  has 
paid  dividends  for  the  State  of  Missouri.  Before  our  maintenance 
program  was  organized,  we  were  troubled  with  constant  break- 
downs of  equipment  during  critical  periods,  and  also  by  costly 
repair  bills.  As  the  number  of  vehicles  in  operation  by  the  de- 
partment increased,  the  problem  became  acute. 

Our  progi-am  is  organized  with  a  Central  Repair  Shop  to 
supervise  the  maintenance  and  repair  of  all  the  equipment.  All 
new  vehicles  are  received  there,  furnished  with  special  equipment 
and  sent  on  to  the  field.  Major  overhauls  are  also  handled  there. 
In  addition,  each  Fire  Protection  District  is  equipped  with  a 
small  shop  where  repairs  and  maintenance  designated  for  the 
district  level  are  undertaken.  The  work  done  at  the  district  level 
largely  accounts  for  the  fine  care  our  vehicles  now  receive. 

Our  entire  program  is  geared  in  the  operator's  direction.  Once 
each  month  an  inspection  is  made  at  the  district  level  to  check  the 
condition  of  each  piece  of  equipment  and  determine  what  repairs 
are  required.  Constant  pressure  is  exerted  on  the  operators  to 
see  that  they  keep  their  equipment  in  the  very  best  of  condition. 
These  inspections  also  serve  as  the  means  of  keeping  the  opera- 
tors informed  on  their  progress.  In  addition,  men  from  the 
Central  Repair  Shop  visit  the  districts  once  a  year  and  inspect 
all  equipment.  This  inspection  permits  us  to  evaluate  the  effective- 
ness of  the  work  of  the  district  equipment  men  and  the  operators. 
It  also  furnishes  information  to  be  used  in  planning  for  the 
replacement  of  various  units. 

In  order  to  compare  the  care  given  the  equipment  by  the 
various  districts,  and  as  a  means  of  judging  the  work,  a  system 
of  numerical  grading  is  used  by  men  from  the  Central  shop  on 
their  annual  inspection.  The  maximum  attainable  grade  is  100, 
and  75  is  the  lowest  acceptable  minimum.  Grading  takes  into 
account  the  normal  wear  and  tear  on  equipment  and  places 
emphasis  on  items  that  should  be  handled  by  the  operator  or 
district  men.  Districts  are  advised  of  the  results  of  the  inspection, 
and  the  relative  standing  of  the  various  districts  is  given.  The 
grade  assigned  to  each  piece  of  equipment  is  also  available  if 
desired. 

The  first  year  that  numerical  values  were  used,  we  had  an 
average  annual  rating  of  76  on  a  total  of  110  units.  Four  years 
later  we  had  an  average  rating  of  93  on  a  total  of  170  units.  This 
upswing  in  average  rating  is  a  good  indication  of  the  effective- 
ness of  our  program  of  preventive  maintenance.  We  have  long 
since  eliminated  the  problem  of  breakdowns  during  critical 
periods  and  the  costly  repairs  that  plagued  us.  Also,  our  opera- 
tors have  a  pride  in  the  appearance  and  condition  of  their 
vehicles  that  was  not  evident  before  the  program  was  put  into 
effect. 
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A  secondary  and  perhaps  more  important  result  of  the  pro- 
gram has  been  the  competitive  effort  between  districts.  District 
foresters  and  district-level  maintenance  men  have  striven  tc 
bring  their  districts's  average  rating  up  to  or  above  that  of  othei 
districts.  Since  one  or  two  low  ratings  on  a  district  lowers  its 
average,  more  emphasis  is  placed  on  proper  use  of  equipment  tc 
prevent  unnecessary  damage.  The  poor  driver  or  one  who  fails 
to  properly  maintain  his  vehicle  is  considered  an  administrative 
problem  and  steps  are  taken  to  remedy  the  situation. 

Another  important  result  of  the  preventive  m'aintenance  pro- 
gram is  that  our  trade-in  vehicles  require  much  less  repaii 
prior  to  resale  than  most  trade-ins;  dealers  have  therefore  in- 
creased their  allowances  for  our  old  vehicles.  In  many  cases  deal- 
ers do  not  even  look  at  the  units  we  trade  in.  The  average  trade-ir 
allowance  has  increased  about  $100  since  our  preventive-main- 
tenance program  was  initiated. 
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FIRE  CONTROL  PLANNING 

A.  E.  Spaulding  . 

Assistant  Regional  Forester,  Division  of  Fire  Control, 
Region  1,  U.  S.  Forest  Service 

Although  forestry  in  the  United  States  received  attention  as 
Barly  as  1876,  it  was  not  until  the  present  Forest  Service  came 
nto  being  that  a  rounded  national  policy  for  forestry  was  devel- 
)ped.  Work  then  began  to  go  forward  with  long-range  objectives 
;o  maintain  and  increase  the  productivity  of  forest  lands  every- 
^'here  in  the  States.  Working  together,  private  and  public  agen- 
ues  have  made  good  progress  in  forestry  during  the  last  half 
century.  We  have  effectively  demonstrated  the  values  of  organized 
3rotection  against  fire,  insects,  and  disease,  and  of  good  manage- 
nent  and  wise  use  of  the  Nation's  forest  resources. 

Most  of  my  forestry  experience  has  been  in  the  Northern 
ilegion  of  the  U.  S.  Forest  Service.  In  discussing  fire  control 
)lanning  with  you,  my  remarks  will  be  directed  at  problems  we 
lave  encountered  in  providing  fire  protection  to  some  33  million 
icres  in  Montana,  northern  Idaho,  and  northeastern  Washington. 

To  illustrate  our  progress  in  fire  control,  I  will  divide  the  last 
lalf  century  into  three  periods  that  denote  major  milestones  in 
ire  control  planning. 

1.  During  the  1905-30  period  our  annual  average  burned  area 
\^as  252,000  acres.  Thus  for  the  first  quarter  century,  forest  fires 
greatly  damaged  more  than  6  million  acres.  During  this  devasta- 
ion  the  forest  was  inaccessible  and  travel  was  by  foot  or  horse, 
•"ire  control  planners  had  long  recognized  the  critical  need  to 
peed  up  attack  on  fires. 

2.  During  the  1931-40  period,  roads  into  many  areas  speeded 
ip  travel  time  to  15  miles  per  hour  and  the  average  annual 
)urned  area  was  reduced  to  62,500  acres.  This  was  double  the 

[estruction  that  we  could  afford  if  we  were  to  meet  our  objective 
f  managing  the  area  for  sustained  crops.  During  this  period, 
nalyses  proved  that  much  of  the  excessive  burned  area  was 
)ccurring  in  the  remaining  roadless  areas.  Some  of  these  were 
ledicated  to  remain  roadless  and  others  were  not  developed  due 
o  lack  of  funds  or  high  cost  of  road  construction.  Increased  use 
)f  airplanes  to  speed  up  delivery  of  supplies  during  this  period 
ogically  led  to  the  delivery  of  fire  fighters  by  parachute. 


'Paper  presented  at  the  1955  Annual  Meeting  of  Canadian  Institute  of 
"orestry  at  Saskatoon,  Sask.  Reprinted,  by  permission,  from  Forestry  Chron- 
cle,  June  1956. 
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3.  During  the  1941-55  period,  the  growth  of  aerial  fire  con- 
trol along  with  the  use  of  smoke  jumpers  speeded  travel  time  to 
fires  in  remote  areas  and  assisted  in  reducing  the  average  annual 
burn  to  8,000  acres. 

With  only  these  facts  available,  we  might  conclude  that  for 
this  area  the  fire  control  manager  has  successfully  met  or  bettered 
his  objective  and  that  no  additional  fire  control  planning  is  neces- 
sary. Such  an  assumption  would  be  far  from  the  truth  if  all  the 
facts  are  known.  A  lot  of  good  planning  and  a  lot  of  good  work 
contributed  to  the  reduction  in  burned  area.  During  the  last  15 
years,  weather  has  also  been  more  favorable  than  during  the  late 
1920's  and  early  1930's.  Smokejumpers  in  combination  with  the 
ground  forces  and  other  improved  methods  have  in  recent  years 
kept  fire  losses  and  damages  at  a  lower  level.  During  the  more 
severe  fire  years,  available  facilities  are  insufhcient  to  man  all 
fires  soon  enough  and  during  such  periods  damaging  and  costly 
fires  can  still  occur.  This  is  a  challenge  to  fire  control  planners. 

Developments  such  as  the  helicopter,  as  it  is  improved  and 
becomes  available  with  larger  capacity  and  operational  ability  at 
higher  elevations ;  research  findings  in  fire-danger  measurements, 
knowledge  and  control  of  weather  factors;  technological  develop- 
ments such  as  radar  for  detection ;  and  improved  fireline-building 
machines  and  other  projects  will  all  receive  consideration  by  the 
fire  control  planner  to  assist  in  solving  this  problem. 

In  the  Northern  Region  of  the  Forest  Service  we  are  usin^ 
the  old  methods  as  well  as  the  new.  Men  still  have  to  walk  across 
country  with  packs  on  their  backs;  mules  carry  supplies  anc 
equipment  over  the  trail  system;  travel  and  hauling  by  vehicles 
on  roads  is  an  essential  part  of  fire  control ;  pumps,  tankers,  anc; 
available  fire-trench-building  machines  are  used;  smokejumpin^i 
has  become  routine  on  wilderness-area  fires ;  small  helicopters  an 
regularly  used — in  short,  a  combination  of  the  old  and  newe] 
methods  of  fire  fighting  is  used  that  best  meets  the  condition.' 
at  hand. 

During  the  last  half  century,  we  have  planned  and  replannec 
for  adequate  fire  control.  A  fire  plan  must  be  a  living  thing 
subject  to  change,  and  I  expect  that  we  will  go  right  on  revising, 
our  plans  as  we  strive  to  do  a  more  efficient  job. 

DEFINITION  OF  FIRE  CONTROL  PLANNING 

Planning  for  fire  control  on  wild  lands  presents  a  differen 
picture  to  different  men.  To  me  it  is  the  determination  of  ai; 
acceptable  objective  along  with  the  determination  of  all  th' 
measures  needed  to  meet  that  objective.  This  is  a  broad  concep 
of  the  subject.  I  believe  we  must  so  treat  it  to  prevent  an  analysi 
and  plan  for  only  one  or  several  of  the  many  facets  of  fir 
control  from  being  called  a  complete  fire  plan. 

In  the  design  of  fire  plans  we  usually  attempt  to  provide  fo 
average  worst  conditions,  recognizing  that  a  normal  plan  will  no 
cover  the  worst  fire  periods.  This  is  similar  to  the  principles  ai 
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engineer  follows  in  designing  a  bridge  that  will  meet  needs  with 
a  reasonable  margin  but  may  not  handle  the  worst  flood  or 
greatest  possible  overload.  The  plan  should,  however,  go  as  far 
as  possible  in  meeting  the  worst  conditions  on  an  emergency  basis. 

OBJECTIVE 

The  overall  objective  of  the  U.  S.  Forest  Service  in  the  fire 
protection  of  national  forests  is  to  hold  fire  damage  below  the 
level  at  which  it  would  seriously  interfere  with  the  desired  yield 
of  products  and  services  from  forest  land,  and  to  prevent  other 
serious  adverse  efl'ects  of  forest  fires,  among  which  are  such 
effects  as  those  of  public  health,  safety,  or  convenience^ — and  to 
do  the  job  at  least  cost.  This  is  a  broad  objective  and  not  suffi- 
ciently tangible  to  provide  a  foundation  for  plans  of  action. 

Objectives  for  fire  control  are  and  have  been  a  controversial 
topic.  The  theory  of  least  cost  plus  damage  has  many  supporters. 
An  objective  expressed  in  allowable  annual  burn  has  long  been 
used  for  forest  types,  such  as  2/lOths  of  1  percent,  or  1/lOth  of 
1  percent.  This  objective,  when  applied  to  a  large  area,  could 
mean  the  total  allowable  damage  for  any  one  year  might  occur 
in  one  local  unit,  causing  untold  damage  and  suffering  to  a 
dependent  community.  We  are  now  making  progress  in  setting- 
up  allowable  burned  area  by  management  units  in  accordance 
with  values  and  fire  potential  involved.  When  this  has  been  done, 
the  fire  control  planner  can  proceed  to  make  an  action  plan  to 
meet  this  objective. 

In  some  cases  the  owners  of  forest  property  may  have  a  fixed 
sum  they  will  spend  on  fire  control.  If  this  sum  is  insufficient  for 
adequate  fire  protection  and  cannot  be  increased,  the  fire  control 
planner's  job  is  to  provide  the  best  possible  protection  within  the 
prescribed  limits.  With  a  rapidly  increasing  population,  forest 
resources  are  becoming  more  valuable  and  experience  has  proved 
that  it  is  good  business  for  ow^ners  to  buy  good  fire  protection. 
The  fire  planner  has  a  responsibility  to  inform  the  owner  of  the 
amount  of  insurance  he  is  carrying  on  his  property. 

Many  foresters  believe  that  determination  of  an  acceptable 
objective  is  a  function  of  the  resource  manager  or  owner  and  not 
the  fire  planner.  I  placed  additional  responsibility  on  the  fire  con- 
trol planner  in  my  definition  to  emphasize  the  need  for  an  accept- 
able objective  as  a  foundation  for  planning  and  that  he  will  need 
to  get  concurrence  on  an  objective  to  do  his  job  properly. 

Following  a  review  of  the  fire  history  and  potential  of  an 
area  along  with  values  involved  and  the  determination  of  an 
acceptable  objective,  the  fire  control  planner  should  sufficiently 
understand  the  economics  of  the  situation  and  be  in  a  position 
to  establish  some  balance  between  the  three  major  divisions  of 
fire  control,  namely,  prevention,  presuppression,  and  suppression. 

I  shall  discuss  each  of  these  major  subjects  separately. 
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FIRE  PREVENTION  PLANS 

A  fire  prevention  plan,  if  needed,  should  be  based  on  the  fol- 
lowing minimum  analysis : 

a.  Study  of  risks. 

1.  An  analysis  of  man-caused  fires  by  causes  for  previous 
5  years  to  determine  specific  reasons  why  fires  start  anc 
who  starts  them. 

2.  Location  of  man-caused  fires  by  causes  for  same  5-yeai 
period. 

3.  Location  of  areas  of  special  risks,  i.e.,  railroads,  saw- 
mills, woods  operations,  power  lines,  construction  crews 
towns,  etc. 

4.  Dates  when  man-caused  fires  start. 

b.  Study  of  areas  of  special  hazards. 

Location  of  areas  of  special  hazards,  such  as  slash  areas , 
blow-downs,  fire-  and  insect-killed  timber,  etc.,  and  careful 
identification  and  survey  of  local  hazards  in  special-risk  areas 

c.  Correlation  of  all  hazard  areas  with  the  risk  factors. 

This  is  to  provide  a  clear  overall  picture  of  the  fire-starting^ 
and/or  spreading  potential,  to  identify  the  areas  and  periodii- 
of  special  fire  liability,  and  to  facilitate  the  setting  up  o:i 
priorities. 

General  Principles  in  Development  of  Action  Plans 

Fire  prevention  planning,  which  concerns  itself  with  the  probi 
lem  of  reducing  total  costs  and  damage,  must  recognize  fire  risks> 
forest  fuels,  and  other  fire  hazards  as  critical  factors  in  under 
taking  remedial  action. 

The  time  of  day,  year,  place,  and  the  number  of  fires  tha 
start,  usually  control  the  size  of  the  fire  organization  that  mus 
be  maintained,  and  ai*e  decisive,  too,  in  the  fire-fighting  costs  an( 
damage  that  result. 

Where  these  things  depend  on  the  exposure  of  critical  fuel : 
to  human  risks,  attainment  of  the  whole  objective  requires  th' 
kind  of  management  that  will  remove  or  reduce  the  risk  or  tb( 
fuel  hazard,  or  that  will  minimize  the  potentials  of  one  or  both. 

Objective 

The  objective  of  fire  prevention  is  to  eliminate  preventabl 
fires.  Final  attainment  of  such  an  objective  is  necessarily  limitei 
by  many  factors,  but  levels  of  attainment  far  short  of  this  goa 
are  not  regarded  as  acceptable  unless  the  additional  cost  o 
improved  performance  will  clearly  exceed  the  benefits  gained  i] 
reduced  losses  and  suppression  costs. 
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Action  Plan 


Following  consideration  of  the  above  factors,  an  action  plan 
will  be  developed  for  each  unit.  This  action  plan  specifically  sets 
forth  tvhat  shall  be  done,  ivhere  it  shall  be  done,  tvhen  it  shall  be 
done,  and  who  shall  do  it,  with  provision  for  recording  degree  of 
accomplishment. 

The  action  plan  is  an  annual  work  plan  and  should  be  made 
each  year  as  changes  in  responsibility  assignments  are  usually 
made  from  year  to  year. 

The  analyses  that  precede  the  preparation  of  the  action  plan 
should  be  made  once  every  5  years,  as  a  minimum,  and  oftener 
when  material  changes  occur  in  the  risks  involved. 

PRESUPPRESSION  PLAN 

The  basic  elements  involved  in  presuppression  planning  are 
as  follows: 

a.  Meteorological  factors  including  wind,  relative  humidity, 
fuel  moisture,  precipitation,  seasonal  effects,  etc. 

b.  Topographic  factors  relating  to  configuration  of  the  coun- 
try, such  as  ridges,  slopes,  streams,  canyons,  draws,  etc., 
and  the  relative  location  of  one  to  the  other,  elevation, 
steepness,  soil  conditions,  barriers,  etc. 

c.  Fuel  factors  including  (1)  types  of  fuels  such  as  mature 
timber,  second  growth,  slashings,  brush,  grass,  forest  litter, 
down  logs,  snags,  etc.,  (2)  continuity,  density,  and  arrange- 
ment of  fuels,  (3)  their  resistance  to  line  construction. 

d.  Occurrence  dealing  with  incidence  of  fires  as  to  points  of 
origin,  intensity  of  occurrence  identified  separately  for 
lightning  and  each  man-caused  category,  times  of  day  and 
year  fires  may  be  expected  to  start  and  do  damage. 

e.  Visibility  as  it  applies  to  distance  incipient  small  forest 
fires  may  be  seen  by  detectors,  normal  daily  or  seasonal 
changes  in  visibility  distance,  etc. 

f.  Accessibility.  Availability  or  nonavailability  of  roads, 
trails,  ways,  fire  lanes,  bridges,  airstrips,  lakes  or  rivers 
for  airplane  landings,  helicopter  landing  spots,  etc.,  and 
the  travel  time,  by  the  most  appropriate  means,  required 
to  reach  areas  of  fire  occurrence. 

g.  Relative  values  (tangible  plus  intangible)  at  stake  are  one 
of  the  considerations  in  deciding  the  placement  or  intensity 
of  the  presuppression  organization. 

h.  Rate  of  production  of  held  line  per  unit  of  manpower  or 
machines  for  different  conditions,  including  delineation  of 
areas  where  machinery  is  usable. 
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i.  Water  supply  for  suppression  as  related  to  portable  pumper 
chances  or  tanker-filling  facilities. 

j.  Equipment.  Trucks  and  pickups,  trailbuilders,  tankers,  air- 
craft, tools  and  related  equipment  for  fireline  work,  and 
other  facilitating  gear. 

k.  Communication.  Radio  or  telephone,  or  in  combination,  for 
presuppression  and  suppression. 

While  not  strictly  a  basic  element  of  planning,  the  need  for 
providing  plans  for  recruitment  of  suitable  personnel  to  fill  each 
planned  fire  position,  including  cooperators  and  their  subsequent 
training  to  do  the  job  efficiently  and  safely,  must  be  recognized 
in  order  to  carry  out  the  master  presuppression  plan.  Provision 
must  be  made  also  for  recruitment  and  on-the-job  training  of 
able-bodied  emergency  fire  forces. 

Objective 

Objective  of  the  presuppression  plan  shall  be  to  have  avail- 
able, when  and  where  needed,  an  effective  fire  control  organiza- 
tion, well  trained,  equipped,  instructed  and  supervised,  and  cap- 
able of  handling  efficiently  the  fire  suppression  situations  which 
sound  planning  determines  to  be  necessary. 


Master  Presuppression  Plan 

In  the  development  of  a  presuppression  plan  for  each  area,! 
all  of  the  basic  elements  mentioned  above  must  be  thoroughly 
considered  as  to  their  effect  on  that  unit.  The  master  presuppres- 
sion plan  is  a  term  applied  to  a  grouping  of  the  following  plans 
dealing  with  the  detection  and  preparedness  phases  of  the  fire 
control  job: 

a.  Detection 

Detection  involves  consideration  of  visibility  distance;  zones 
of  occurrence  of  fires  as  indicated  by  past  history,  and  changes 
in  risk  areas  due  to  changing  use ;  maps  showing  extent  of  area 
seen  from  individual  points;  selection  of  points  by  process  of 
statistical  elimination;  final  map  showing  seen  and  unseen  area 
from  all  selected  points ;  establishment  of  dates  of  occupancy  and 
provision  for  regulation  of  occupancy  in  accordance  with  meas- 
ured fire  danger;  incorporation  of  aerial  detection — either  pri- 
mary or  secondary. 

b.  Initial  Attack 

Initial  attack  usually  involves  mapping  of  fuels  to  show  com- 
bined effect  of  rates  of  spread  and  resistance  to  control;  occur- 
rence of  fires  by  intensity  zones ;  accessibility ;  initial-attacl^ 
strength  by  zones  required  for  varying  degrees  of  fire  danger; 
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location  of  crews  to  meet  travel-time  requirements ;  provision  for 
varying  strength  of  crews  in  accordance  with  measured  fire 
danger,  to  meet  initial-attack  requirements  for  each  zone;  estab- 
lishment of  dates  of  employment,  and  recognition  of  the  need  for 
reinforcements. 

In  the  Northern  Region  of  the  U.  S.  Forest  Service,  we  have 
made  major  changes  in  our  detection  and  initial-attack  plans. 
During  the  early  1930's  we  intensively  mapped  fuel  types,  deter- 
[mined  hour-control  requirements,  and  ground  detector  needs.  As 
a  result  we  constructed  approximately  800  lookout  houses.  Men 
hired  for  these  stations  had  a  dual  capacity  as  lookout-firemen 
and  other  firemen  were  placed  in  valley  bottoms  when  needed  to 
complete  the  hour-control  coverage.  This  system  was  successful 
as  long  as  we  could  hire  the  number  of  men  needed;  men  who 
were  rugged  woodsmen,  capable  of  finding  a  fire  and  putting  it 
out,  and  willing  to  live  alone  all  season.  Under  our  current  eco- 
nomic conditions  such  men  are  not  available  in  sufficient  numbers 
at  the  salary  we  can  pay  and  for  only  a  seasonal  job. 

This  placement  of  men  did  not  provide  for  needed  flexibility 
in  moving  men  rapidly  to  another  location  where  more  than  two 
or  three  men  were  needed  for  early  attack  on  a  diflficult  small  fire. 
We  also  found  that  the  comparatively  few  firemen  stationed  in 
the  valley  bottoms,  particularly  those  on  roads,  became  the  initial- 
attack  force  on  a  majority  of  the  fires. 

The  800  lookout  towers  were  constructed  from  untreated 
lative  woods  obtained  close  to  the  site  and  after  20  years  they 
all  began  to  deteriorate  rapidly  and  many  became  unsafe  for  use. 
n  addition  we  gradually  became  financially  unable  to  maintain 
Tails  and  telephone  lines  to  all  of  these  stations.  As  a  result  we 
Gradually  changed  our  plan  by  moving  some  of  the  lookout-fire- 
nen  to  double-up  firemen  positions  in  the  valley  bottoms. 

In  the  early  1940's,  many  of  these  fireman  positions  in  the 
'oadless  areas  were  abandoned  and  were  replaced  by  a  centralized 
jmokejumper  unit.  Because  of  their  flexibility,  smokejumpers 
lave  replaced  twice  their  number  of  firemen.  Two  or  more  smoke- 
jumpers  can  now  get  to  a  fire  as  quickly  as  one  fireman  did  when 
^e  had  many  of  the  latter  strategically  placed  in  the  roadless 
ireas.  Where  we  used  to  get  one  man  to  a  fire  within  one  hour, 
)ut  to  get  20  there  might  take  2  days,  we  can  now  put  20  smoke- 
lumpers  on  the  fire  within  one  hour  when  the  situation  warrants. 
This  is  where  flexibility  pays  off.  There  are  times  when  the 
lumber  of  smokejumpers  is  insufficient  to  meet  the  need.  We 
hen  resort  to  use  of  helicopters  as  far  as  they  are  available  and 
^an  be  used,  and  then  must  rely  on  slow  foot  travel  to  meet  the 
•emainder  of  the  need.  I  might  well  mention  here  that  smoke- 
jumping  has  great  public  appeal  and  in  our  area  receives  90  per- 
ent  of  the  fire  control  publicity.  Actually  smokejumping  takes 
lare  of  less  than  20  percent  of  our  fires  with  the  remainder  being 
handled  by  older  conventional  methods. 

!     Our  detection  system  has  also  been  overhauled  in  recent  years. 
Ve  now  have  a  skeleton  force  of  about  200  lookouts  who  are 
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primary  detectors  covering  the  high-risk  areas.  They  are  im- 
portant in  charting  the  course  of  lightning  storms,  precipitation, 
in  making  burning  index  measurements,  and  in  serving  as  radio 
communication  hubs.  Planned  aerial  detection  fills  in  most  of  the 
gaps  left  in  the  reduction  from  800  to  200  fixed  detectors.  Flexi- 
bility gained  here  is  also  important  as  it  costs  little  to  leave  the 
airplane  on  the  landing  strip  when  this  additional  detection  is 
not  needed.  With  fixed  detectors  only,  we  had  little  flexibility,  as 
a  station  in  a  remote  area  could  not  be  occupied  only  on  the  days 
needed  and  the  man  not  to  be  paid  on  other  days. 


c.  Equipment 

1.  Small  tools.   Determination  of  types  and  quantities  of  tools  |  J 
for  each  initial  attack  and  cooperator  station ;  also,  determination 
of  small-tool  and  equipment  requirements  for  regional,  forest,  and 
district  warehouses  for  followup  forces. 

2.  Transportation  equipment.    Study  of  transportation  needs,^ 
of  each   initiai-attack   station,   ranger^s  and   supervisor's   head- 
quarters. 

3.  Specialized  equipment.  Determination  of  types,  quantities 
and  locations  of  tank  trucks,  prime  movers,  plow  units,  trail- 
builders,  portable  pumpers,  aircraft,  and  other  specialized  equip 
ment;  involves  the  types  and  quantities  of  specialized  equipment 
required  for  initial  attack,  forest  and  ranger  stations,  and  re 
gional  or  zone  central  caches. 

d.  Communication 
Communication — radio  and/or  telephone.  These  include: 

1.  Detection.  Plan  providing  communication  outlets  for  de 
tectors — must  provide  immediate  channels  for  detectors  to  repor 
fires  to  dispatching  base. 

2.  Initial  attack.  Provision  must  be  made  for  immediate  com 
munication  between  dispatching  base  and  initial-attack  crew 
whether  cooperators  or  employed  by  Forest  Service. 

3.  Dispatching  base.  Must  provide  immediate  communicatio:  j  [ 
outlets  from  dispatching  base  to  all  detectors,  initial-attack  crewf 
followup  forces  such  as  work  crews  and  cooperators,  and  to  fores 
and  ranger  headquarters. 


fol 


4.  Suppression.  A  plan  must  be  made  which  will  provide  com 
munication  both  from  the  fireline  to  the  camp  or  to  other  section 
of  the  fire,  and  from  the  camp  to  the  dispatching  base;  number 
and  types  of  radio,  emergency  phones,  or  other  communicatio 
facilities  required  for  these  purposes  must  be  determined.  Con 
munication  between  initial-attack  crews  when  away  from  thei 
stations  and  the  dispatching  base  must  likewise  be  provided  whei 
ever  possible  and  made  a  part  of  this  plan. 
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e.  Cooperators 

Determination  of  the  extent  to  which  cooperators  may  be 
incorporated  into  the  presuppression  phases  of  fire  control.  In 
many  cases  cooperators  may  be  used  in  the  initial-attack  field, 
releasing  funds  for  other  areas  where  cooperators  are  not  avail- 
able. 

f.  Training 

A  training  plan  must  be  prepared,  listing  the  minimum  train- 
ing needs  of  each  presuppression  position — lookouts,  suppression 
crew  foremen,  crew  members,  tank-truck  operators,  patrolmen, 
packers,  tractor  operators,  fire  control  assistants,  and  others  who 
may  be  assigned  full  time  or  temporarily  to  fire  control  work  of 
any  kind.  Provision  should  be  made  to  maintain  a  current  record 
of  progress  in  training  each  individual.  This  plan  should  require 
an  annual  analysis  of  each  incumbent's  experience  and  training 
prior  to  entry  on  duty,  to  determine  what  he  or  she  needs  to  learn 
to  qualify  for  the  position  and  to  handle  effectively  and  safely 
the  assigned  tasks. 

g.  Dispatching 

Annually,  a  dispatching  plan,  sometimes  termed  ''emergency 
fire  plan,"  should  be  prepared,  providing  information  on  the  loca- 
:ion,  strength,  and  provisions  for  contacting  and  mobilizing  the 
following,  with  the  purpose  of  providing  adequate  forces  to  meet 
the  Service  suppression  policy: 

1.  All  initial-attack  stations — Forest  Service  or  cooperator. 

2.  All  Forest  Service  work  crews. 

3.  All  private  work  crews,  i.e.,  logging,  mill  workers,  railroad, 
power  companies,  orchard  workers,  etc. 

4.  Initial-attack  forces  of  cooperating  protection  agencies. 

5.  Followup  forces  or  facilities  of  cooperating  protection 
igencies. 

6.  Forces  of  adjacent  national  forests. 

7.  Pickup  fire  fighters. 

8.  Overhead,  segregated  as  to  skills  from  which  fire  overhead 
;eams  may  be  selected,  or  from  which  assignments  to  individual 
ire  suppression  jobs  may  be  made. 

9.  Cooks,  packers,  power-saw  operators,  trailbuilder  opera- 
:ors,  and  others  having  specialized  skills. 

10.  Tools  and  equipment,  including  transportation  equipment, 
irailbuilders,  tank  trucks,  etc. 

I      11.    Food,  mess  equipment,  first  aid,  and  other  supplies  and 
jnaterials. 

!     12.    Communication    equipment,    including    emergency    wire, 
^dd  telephones  and  radios. 

13.    Special  detectors. 
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Also  the  dispatching  plan  should  include  ways  and  means  and 
authority  for  varying  the  disposition  or  strength  of  the  presup- 
pression  force  in  accordance  with  measured  fire  danger. 

h.  Housing 

Because  of  its  importance,  a  housing  plan  should  be  incorpo- 
rated in  the  master  presuppression  plan  which  should  indicate 
the  housing  facilities  required  to  effectuate  the  plan  and  the  hous- 
ing facilities  available.  Changing  patterns  of  use  or  fuel  condi- 
tions should  be  given  full  recognition  and  weight  in  deciding 
whether  to  provide  portable,  semiportable,  or  permanent  housing 
facilities,  in  order  to  permit  ready  shifting  of  forces  to  meet 
changed  conditions. 

i.  Recruitment 

A  recruitment  plan  must  be  prepared  and  revised  annually  to 
provide  the  best  possible  (1)  presuppression  force,  (2)  force  for 
use  in  fire  emergencies. 

j.  Transportation 

Plan  usually  outlines  diagrammatically  on  map  or  maps  the 
location  and  standards  of  all  roads,  trails,  bridges,  airstrips,  and 
helicopter  landing  spots  needed  to  meet  the  elapsed-time  stand- 
ards for  the  area;  primary  consideration  is  to  provide  accessi- 
bility for  initial-attack  and  f ollowup  forces. 

FIRE  SUPPRESSION  PLANS 

Fire  suppression  plans  separate  and  apart  from  the  presup-J 
pression  plan  are  not  normally  made  by  us  in  advance  of  th(| 
actual  fire.  Most  material  that  would  logically  belong  in  a  fir(| 
suppression  plan  has  already  been  included  above  under  the  head- 
ing of  presuppression  plans.  However,  we  do  have  a  number  oil 
situations  where  an  especially  high  fire  hazard  may  require  thft 
making  of  a  special  fire-fighting  plan  in  advance  of  fire  occur 
rence.  Such  a  plan  is  helpful  to  the  fire  boss  once  the  fire  escape;  i 
control   of   the   first-burning-period   attack   force.    They   canno 
always  be  followed  but  the  detailed  map  of  fuels,  topography 
cover  type,  roads,  water  chances,  etc.,  provide  an  excellent  basi, 
for  revising  the  plan  to  meet  conditions  immediately  at  hand. 


Policy 

Our  policy  is  to  require  fast,  energetic,  and  thorough  suppres 
sion  of  all  fires.  When  first-attack  forces  fail  to  attain  this,  thi 
policy  then  calls  for  prompt  calculating  of  the  problems  of  th 
existing  situation  and  probabilities  of  spread ;  and  organizing  an 
activating  adequate  strength  to  control  every  such  fire  within  th 
first  work  period.  Failing  in  this  effort,  the  attack  each  succeed  t 
ing  day  will  be  planned  and  executed  with  the  aim  of  obtainin  i 
control  before  10  o'clock  of  the  next  morning. 
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Calculation  of  Probabilities 

Probably  a  better  term  for  calculation  of  probabilities  is  an 
estimate  of  the  job  we  must  do  to  control  the  fire.  Controlling  a 
fire  can  be  compared  to  building  a  road  or  a  bridge.  The  fire  boss 
needs  a  plan  based  on  the  job  he  will  have  to  do.  This  includes 
evaluation  and  correlation  of  the  factors  affecting  fire  behavior, 
knowledge  of  the  probable  perimeter  of  the  fire  at  successive  time 
intervals  and  the  expected  number  of  units  of  held  line  per  unit 
of  manpower  or  applicable  machine  unit  or  both,  to  determine 
the  organization — including  overhead,  manpower,  and  equipment 
— he  will  need.  The  fire  suppression  plan  of  action  is  then  pre- 
pared day -by-day  to  meet  actual  conditions  and  revised  at  shorter 
intervals  when  the  situation  warrants. 

Actuarial  Planning 

Some  authorities  on  fire  control  planning  do  not  agree  with 
the  subject  divisions  used  above  in  this  presentation.  Ralph  Hand, 
who  recently  retired  after  15  years  in  the  fire  planning  job  in 
Missoula,  divided  the  subject  into  prevention,  detection,  and  sup- 
pression. I  believe  that  this  has  merit  and  should  be  considered 
when  preparing  for  a  job  in  fire  control  planning.  Ralph  Hand 
also  developed  a  system  based  on  actuarial  principles  for  suppres- 
sion planning  that  is  interesting  and  highly  successful.  Briefly, 
this  system  provided  a  series  of  actuarial  tables  based  on  an 
analysis  of  20  fire  seasons  and  27,000  fires.  Each  fire  was  refought 
on  the  basis  of  present-day  conditions  of  transportation,  fuels, 
and  methods.  In  these  tables  we  had  the  facts  that  would  give  us 
answers  to  almost  any  specific  question  in  the  field  of  fire  control 
planning.  They  were  particularly  valuable  in — 

1.  Determination  of  basic  needs,  such  as  manpower,  machines, 
and  equipment. 

2.  Determination  of  facilitating  needs  such  as  transportation, 
communication,  supervision,  and  training. 

3.  Preparing  the  action  plan. 

4.  Providing  the  facts  to  indicate  the  amount  or  level  of  fire 
insurance  that  was  being  carried  on  a  forest  property. 

This  subject  of  fire  planning  by  actuarial  principles  to  explain 
fully  would  take  an  entire  day;  however,  I  would  like  to  recom- 
mend that  these  principles  be  investigated  before  replanning  is 
started  where  fire  records  are  available  for  the  area  for  the  pre- 
ceding decade  or  a  longer  period. 

SUMMARY 

To  finish  this  paper  and  open  the  discussion  period,  I  would 
like  to  state  that  this  is  far  from  a  complete  coverage  of  the 
subject.  I  have  borrowed  much  of  my  text  from  our  National 
Forest  Manual  and  make  no  claim  for  originality.  In  closing,  I'd 
like  to  again  emphasize  that  a  fire  plan  must  be  a  living  thing, 
frequently  modernized,  to  be  most  useful. 


CARRYING  CASE  FOR  PORTABLE  FIRE 
EXTINGUISHER 

Andrew  R.  Fink 

Draftsman,  Division  of  Fire  Control,  Region  1, 
U.  S.  Forest  Service 

A  canvas  carrying  case  for  fire  extinguishers  (fig.  1)  has 
been  developed  in  Region  1  for  use  by  operators  of  power  saws, 
duffel  carriers,  scooters,  trail  graders,  and  other  gasoline-powered 
equipment.  The  U.  S.  Forest  Service  and  most  State  and  private 
protective  districts  in  western  regions  require  these  operators  to 
keep  in  their  immediate  possession  a  serviceable  fire  extinguisher 
with  contents  of  not  less  than  8-ounce  capacity  by  weight. 

It  is  recommended  that  each 
man     doing    mechanized     trail  ^ 

maintenance     work    have    im-  '| 

mediate  access  to  a  fire  extin-  1 

guisher. 

Some   of  the   advantages   of  ^ 
this  canvas  carrying  case   are 
as  follows: 

1.  By  having  it  fastened  to 
the  man  instead  of  the  machine, 
''You  wear  it."  If  the  case  is 
worn,  it  is  readily  accessible  at 
all  times  while  the  wearer  moves 
about  from  one  machine  to  an- 
other. It  does  not  interfere  when 
working  or  sitting.  It  is  put  on 
in  the  morning  and  removed 
only  after  the  day's  work  or 
when  the  job  is  finished. 
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Figure  1. — Fire  extinguisher  case  in 
place  on  belt.  A  sharp  pull  on  tab 
will  release  extinguisher  for  emer- 
gency use. 


2.  Container     is     safe    from 
brush  and  accidental  misplacement. 

3.  ''Break  cord"  is  broken  only  when  extinguisher  is  inspected 
or  used.  The  method  of  fastening  the  cover  was  selected  to  en- 
sure fast  emergency  use. 

4.  The  lace-type  break  cord  holds  the  package  tight  and 
smooth  and  the  carrying  case  will  cover  extinguishers  of  various 
kinds  and  shapes. 

The  canvas  case  is  of  simple  design.  The  cost  of  complete  unit 
(materials  and  labor)  is  estimated  to  be  about  80  cents.  Sub- 
stitutions in  materials  may  be  made  without  affecting  the  use. 
Several  pressurized  and  "beer  can"  types  of  extinguishers  with 
contents  of  approximately  12  ounces  will  fit  in  the  case. 

Drawings  and  specifications  may  be  obtained  by  writing  to 
the  Regional  Forester,  U.  S.  Forest  Service,  Federal  Building, 
Missoula,  Mont. 
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PRESENTING  FOREST  FIRE  FUNDAMENTALS 

Neil  LeMay 
Chief  Forest  Ranger,  Wisconsin  Conservation  Department 

Young  America  has  returned  to  the  classroom  with  the  advent 
of  the  fall  season.  The  schools  are  charged  with  a  great  responsi- 
bility once  again.  In  the  presentation  of  the  courses  employed  in 
the  formal  education  of  each  student,  instruction  in  conservation 
of  the  natural  resources  of  the  community,  the  State,  and  the 
Nation  is  of  extreme  importance  to  the  student  and  to  all  of  us. 
What  he  or  she  learns  in  school  on  this  highly  important  subject 
will  have  an  individual  and  cumulative  effect  not  only  on  the 
person  and  his  or  her  associations  in  future  years  but  on  the 
destinies  of  many  people. 

Those  of  us  in  fire  control  have  been  vested  with  a  great 
responsibility.  To  protect  and  preserve  the  natural  riches  of  the 
country,  as  well  as  the  man-made  and  operated  developments,  we 
have  the  job  of  guarding  against  that  foremost  of  destructive 
agents — wild,  uncontrolled  fire  in  the  forest.  To  curb  this  menace 
we  need  the  full,  wholehearted  cooperation  of  everyone,  and  our 
fire-prevention  programs  are  highly  diversified  so  that  everyone 
will  be  reached. 

For  nearly  30  years,  here  in  Wisconsin,  we  have  been  carry- 
ing on  in  the  schools  an  educational  program  aimed  at  the  forest 
fire  menace.  The  high  degree  of  success  achieved  in  this  venture 
shows  in  the  strong  support  that  Young  America  provides  in  the 
all-out  effort  directed  toward  prevention  of  forest  fires.  But  the 
prevention  job  is  not  and  probably  neyer  will  be  completed.  We, 
therefore,  must  be  prepared  for  fire  control  work. 

As  most  of  us  know,  fire  control  work  is  a  highly  technical 
endeavor.  It  embraces  many  fields ;  meteorology,  communications, 
mechanical  aptitude,  engineering,  personnel  management,  and 
public  relations,  to  name  a  few.  This  can  be  confusing  to  the 
student  even  though  it  may  seem  simple  to  those  of  us  who  have 
spent  most  of  our  lives  working  at  it.  Because  successful  fire  con- 
trol work  is  based  upon  the  knowledge  of  why  a  fire  burns  and 
what  makes  a  fire  spread  through  forest  fuels,  we  start  at  the 
very  beginning.  We  have  found  that  a  thorough  understanding  of 
the  fundamentals  of  why  a  fire  burns  is  essential  not  only  to  the 
forest  ranger  but  also  to  the  student  in  school.  We  have  worked 
out  a  method  of  displaying  this  which  we  believe  may  be  helpful 
to  other  fire  control  agencies.  I  am  presenting  this  method  of 
instruction  in  the  fundamentals  of  forest  fire  occurrence  for  your 
information  (figs.  1-6). 
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Figure  1. — ^Before  a  fire  will  start  and  burn,  there  must  be  thre 
elements  present  in  the  right  combination.  They  are  fuel,  aii 
and  heat.  Fire  cannot  exist  in  the  absence  of  any  one  of  thes 
three  elements.  The  basic  principle  of  fire  suppression  is  t 
remove  one  (or  more)  of  these  elements. 
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Figure  2.— When  I  close  the  "fuel"  flap,  the  "fire"  disappears.  To 
demonstrate  this,  I  separate  the  unburned  fuel  in  the  pan  from 
the  burning  fuel.  The  fire  goes  out  quickly.  This  is  a  common 
methpd  of  control  employed  to  stop  forest  fires.  In  the  forests 
we  use  fireline  plows,  bulldozers,  and  handtools  to  make  the 
separation. 
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Figure  3. — In  this  scene,  I  have  reopened  the  ''fuel"  flap  but  hav( 
closed  the  ''air"  flap.  Again  the  "fire"  disappears.  To  demon 
strate  this,  I  start  a  fire  in  the  bowl  and  then  place  the  coveji 
on  the  bowl.  The  fire  soon  goes  out  because  of  lack  of  air.  Iiii 
forest  fire  control  this  method  of  suppression  is  used  to  extin 
guish  burning  embers  by  completely  covering  them  witl 
mineral  soil  to  shut  off  the  oxygen  supply.  It  is  used  princii 
pally  on  small  fires  or  on  parts  of  a  large  fire. 
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Figure  4. — After  reestablishing  the  original  scene,  1  close  the 
'  **heat"  flap  and  the  "fire"  disappears  again.  To  demonstrate 
this,  a  fire  is  started  in  the  bowl.  Water  is  sprayed  on  the 
flames,  quickly  extinguishing  the  fire.  Water  is  widely  used  as 
a  suppression  agent  by  all  fire  control  organizations.  Pumps 
and  tanks  are  mounted  on  trucks  and  tractors  for  use  in  all 
types  of  suppression  work.  Often  independent  water-pumping 
complements  are  used  to  extinguish  fires. 
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Figure  5. — In  forest  fire  prevention  work  these  three  basic  fipi 
occurrence  elements  also  play  an  important  part.  We  canno; 
control  the  oxygen  supply  as  '*air"  is  everywhere.  Fire  protec 
tion  agencies  can  control  ''fuel"  deposits  to  a  limited  exten; 
only  although  laws  regulating  the  removal  of  slash  resulting 
from  timber-cutting  operations,  right-of-way  cleanup  alon:(| 
roads  and  railroads,  and  special  forest  fire  hazard  reductioi 
projects  are  helpful.  Also,  lightning  is  one  source  of  ''heat 
oyer  which  we  have  no  control.  Quick  detection  and  suppress 
sion  action  is  the  only  answer  when  this  element  is  present  i  i 
the  right  combination  with  the  other  two. 
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Figure  6. — We  can  do  something  about  curbing  the  man-caused 
sources  of  ''heat."  It  is  in  this  connection  that  our  fire  preven- 
tion programs  in  the  schools,  civic  clubs,  sportsmen's  groups, 
industry,  local  government,  and  with  people,  singly  or  collec- 
tively, will  pay  off.  Past  records  indicate  a  need  for  a  never- 
ending  endeavor  in  this  direction. 

I  hope  that  this  teaching  aid  will  be  helpful  to  you.  It  has 
proved  to  be  very  useful  here  in  Wisconsin.  If  you  are  interested, 
please  feel  free  to  write  me  for  details  relating  to  construction 
I  and  operation. 


FIRE  WHIRLWIND  FORMATION  AS  FAVORED  BY 
TOPOGRAPHY  AND  UPPER  WINDS 

Howard  E.  Graham 
Fire-Weather  Forecaster,  U.  S.  Weather  Bureau,  Portland,  Oregon 

A  fire  started  at  a  logging  operation  during  the  afternoon  of 
October  1,  1952.  Toward  evening  the  size  had  slowly  increased  to 
20  acres.  About  9 :30  p.  m.  the  fire  suddenly  became  a  raging 
inferno  as  whirling  winds  formed  within  the  fire  and  abruptly 
multiplied  its  speed  to  such  strength  that  chunks  of  wood  and 
bark  up  to  8  inches  in  diameter  were  thrown  about  like  straws. 
Logger  fire  fighters  fled  for  their  lives.  Within  minutes  the  fire 
raced  through  unburned  areas  for  half  a  mile,  increasing  to  240 
acres.  The  whirling  winds  remained  over  the  fire  for  about  an 
hour,  hurling  burning  embers  for  considerable  distances  and  pre- 
venting the  loggers  from  pressing  their  attack  (table  1,  whirl- 
wind 4). 

Fire  whirlwind  is  a  phenomenon  that  has  been  known  to  be 
associated  with  large  fires  (whirlwinds  1,  2,  and  3)  (^).^  It  has 
become  more  common  in  recent  years  in  the  Northwest  as  a  result 
of  the  increase  in  number  of  necessary  slash  burning  operations. 

In  another  fire  that  occurred  November  8,  1952,  a  Crown  Zel- 
lerback  fire  patrolman  was  making  a  routine  8:30  a.  m.  visit  to  a 
nearly  cold  2-acre  slash  fire  on  the  west  slope  of  the  Washington 
Cascades  near  the  Columbia  Gorge.  Although  the  lookout  on  a 
ridge  a  short  distance  eastward  reported  east  winds  from  50  to 
60  miles  per  hour,  these  winds  had  not  been  hitting  the  fire  area. 
Suddenly  an  intense  whirlwind  formed  in  adjacent  green  timber 
and  passed  over  the  dormant  slash  fire.  The  fire  leaped  to  life  with 
an  eruption  of  sparks  and  flame  and  ran  for  over  a  mile  finally 
joining  a  second  fire  (whirlwind  9) . 

Fire  whirlwinds  have  received  little  attention  from  meteorol- 
ogists, probably  because  such  winds  are  usually  observed  only  by 
foresters  and  fire  fighters  who  are  too  busy  fighting  fires  to  make 
detailed  weather  observations.  With  greater  attention  being  given 
to  the  study  of  blowup  fires  (whirlwinds  1  and  4) ,  it  is  fitting  that 
this  particular  type  of  violent  fire  behavior  be  explored  from  both 
the  empirical  and  theoretical  standpoints. 

Winds  are  of  great  concern  to  fire  fighters.  Fire  spread  is  a 
function  of  wind  speed,  although  not  a  simple  function.  Local 
violent  winds,  frequently  whirlwinds,  have  many  times  caused 
unusually  rapid  fire  spread  due  both  to  direct  fanning  and  to 
spotting.  A  typical  fire  whirlwind  frequently  has  a  central  tube 
made  visible  by  whirling  smoke  and  debris.  Extreme  variations  in  i 
height,  diameter,  and  intensity  are  common.  Witnesses  have  de- 
scribed fire  whirlwind  diameters  from  a  few  feet  to  several  hun- 
dred feet  and  heights  from  a  few  feet  to  about  4,000  feet.  Inten- 


'Italic  numbers  in  parentheses  refer  to  list  of  references  p.  24. 
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sity  varies  from  that  of  a  dust  devil  to  a  whirlwind  that  pitches 
logs  about  and  snaps  off  large  trees  (3).  Velocities  in  the  vortex 
are  extremely  high,  and,  as  in  other  forms  of  whirlwinds,  the 
greatest  speed  occurs  near  the  center.  A  strong  vertical  current  at 
the  center  is  capable  of  raising  burning  debris  to  great  heights. 

FAVORABLE  TOPOGRAPHIC  FEATURES 

The  28  fire  whirlwinds  that  foim  the  basis  for  this  discussion 
were  all  observed  in  mountainous  terrain.  Their  individual  char- 
acteristics are  indicated  in  table  1.  Of  the  28  whirlwinds,  20 
occurred  on  lee  slopes,  1  on  a  ridgetop,  1  under  calm  conditions, 
2  with  wind  at  right  angles  to  the  slope,  and  4  on  windward 
slopes.  Of  the  several  additional  whirlwinds  described  to  the 
author  and  not  included  in  table  1,  all  occurred  on  lee  slopes.  From 
observations  it  would  appear  that  the  most  violent  whirlwinds 
occur  on  lee  slopes. 

The  mechanical  action  of  airflow  over  a  mountain  is  a  factor 
in  fire  whirlwind  formation.  Aerodynamic  theory  tells  us  that 
favorable  conditions  for  the  starting  of  a  whirl  occur  where 
abrupt  edges  of  mountainous  terrain  create  shear  in  the  air 
stream.  As  has  been  found  true  with  dust  devils,  shearing  motion 
is  undoubtedly  a  major  factor  in  whirl  formation.  Although  moun- 
tainous terrain  provides  many  topographic  situations  favorable 
to  fire  whirlwind  occurrence,  the  fact  that  it  is  not  an  essential 
condition  is  indicated  by  several  examples  which  occurred  on  flat 
land  in  Eastern  United  States  (2). 

METEOROLOGICAL  ASPECTS 

Dust  devils  are  normal  in  fiat  areas  when  the  wind  speed  is 
low  and  the  lapse  rate  is  steep,  i.e.,  relatively  rapid  temperature 
decrease  with  height.  Fire  whirlwinds  also  appear  to  depend  upon 
steep  lapse  rates  in  the  layer  near  the  ground.  Roy  R.  Silen, 
Pacific  Northwest  Forest  and  Range  Experiment  Station  forester, 
moved  a  fire  whirlwind  downhill  by  rolling  debris  against  the  fuel 
in  the  hot  spot  over  which  it  had  formed.  As  the  hottest  portion 
of  the  fire  was  carried  down  the  slope,  the  fire  whirlwind  fol- 
lowed. Fire  whirlwind  occurrence  seems  to  be  directly  related  to 
the  local  thermal  instability  set  up  by  the  fire  and  not  otherwise 
relieved. 

The  degree  of  upper  air  stability  as  indicated  by  the  lapse  rate 
between  850  and  500  millibars,  i.e.,  pressure  surfaces  near  5,000 
feet  and  18,000  feet,  at  nearby  weather  stations  has  little  or  no 
effect  on  fire  whirlwind  occurrence.  Data  on  the  lapse  rate  at^ 
lower  levels  is  unavailable.  Obviously  the  lapse  rate  in  the  lower 
level  over  the  fire  is  extremely  unstable  because  of  intense  heat- 
ing near  the  ground. 

The  distribution  of  upper  air  wind  velocities  aiso  was  checked 
from  pilot  balloon  data  at  the  nearest  weather  station.  The  results 
showed  that  75  percent  of  the  whirlwinds  reviewed  occurred  with 
winds  of  less  than  17  miles  per  hour  below  the  5,000-foot  level. 


P^IRE  CONTROL  NOTES  23 

Chis  is  to  be  expected  since  the  majority  of  whirlwinds  were  on 
;ontrolled  burns.  The  remaining  25  percent  showed  rapid  wind 
;peed  increase  with  height.  The  wind  speed  profiles  are  of  variable 
ihape  and  show  no  typical  occurrence  of  the  *'jet  point"  discussed 
)y  By  ram  (1)  with  relation  to  blowup  fires. 

FOUNTAIN  BARRIERS  AND  THEIR  EFFECTS  ON  AIRFLOW 

The  upper  end  of  a  fire  whirlwind  when  on  a  lee  slope  near  a 
•idgetop  seems  to  extend  into  a  region  of  low  pressure  that  occurs 
n  the  vicinity  of  a  ridgetop  whenever  windflow  is  at  right  angles 
0  the  ridge.  This  follows  the  Bernoulli  principle  which  states  that 
;hanges  in  pressure  are  inversely  proportional  to  changes  in  fluid 
velocity.  Pilots  are  taught  this  principle  as  the  explanation  for 
iltimeter  errors  experienced  over  mountains. 

The  theory  of  pressure  reduction  along  a  ridge  oriented  at 
•ight  angles  to  the  direction  of  airflow  is  well  supported  by  evi- 
ience.  According  to  a  U.  S,  Weather  Bureau  study  of  strong 
vinds  over  mountain  barriers,  the  pressure  reduction  over  a 
nountain  crest  was  proportional  to  the  square  of  the  wind  speed, 
^here  the  air  was  saturated,  the  pressure  deficiency  was  nearly 
loubled.  The  greatest  pressure  deficiency  occurred  along  a  moun- 
ain  barrier  with  a  ridge  profile  corresponding  to  the  upper  sur- 
face of  an  airfoil  where  the  maximum  drop  would  be  near  the 
:opmost  part  of  the  airfoil  camber.  Theoretically  a  topographic 
)arrier  should  best  approximate  an  airfoil  when  the  lee  slope  is 
ess  than  33  percent  and  relatively  smooth.  This  corresponds  very 
;losely  to  the  upper  limits  of  the  change  in  direction  of  airflow 
)ver  the  upper  surface  of  airfoils  on  slow  speed  airplanes. 

CONCLUSION 

Because  of  the  direct  relationship  between  fire  whirlwind 
)ccurrence  and  combustion  heat,  the  meteorologist  can  predict 
ikely  areas  of  occurrence  only  if  he  is  familiar  with  both  the 
xttendant  meteorological  and  topographic  conditions  and  the 
)ccurrence  of  heavy  fuel  concentrations.  The  forester  with  inti- 
nate  knowledge  of  areas  under  his  management  will  usually  be 
nore  able  to  predict  combustion  heat  over  a  given  area. 

Fire  whirlwinds  seem  to  develop  more  readily  on  lee  slopes 
'lose  to  ridgetops.  It  is  suggested  that  this  is  favored  by  pressure 
ieficiencies  resulting  from  flow  over  an  abruptly  terminating 
lirfoil.  The  wind  velocity  above  the  ridgetop  thus  becomes  an 
mportant  factor  in  determining  the  likelihood  and  magnitude  of 
[  whirlwind. 

We  may  conclude  that  the  most  favorable  condition  for  fire 
whirlwind  occurrence  is  over  a  hot  fire  near  the  top  of  a  steep 
se  slope  with  strong  winds  over  the  ridgetop.  Fire  whirlwinds 
Ire  frequently  characterized  by  destructive  violence.  Therefore, 
^hen  any  fire — large  or  small,  quiet  or  running — is  on  a  lee  slope, 
he  fire  fighters  should  consider  the  danger  of  fire  whirlwind 
bnnation. 
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WESTERN  OREGON  FOREST  LAND  ZONED  FOR 

CLOSING  DOWN  LOGGING  DURING  PERIODS 

OF  HIGH  FIRE  DANGER 

James  H.  Walker 

Assistant  State  Forester,  Protection  Division, 
Oregon  State  Board  of  Forestry 

The  State  Forester  of  Oregon  is  authorized  by  law  to  prohibit 
:he  use  of  fire  in  any  form  or  the  use  of  power-driven  machinery 
3n  forest  land  west  of  the  summit  of  the  Cascade  Mountains 
iuring  periods  of  critical  fire  danger.  These  periods  occur  when 
:here  is  a  combination  of  critical  fire  weather  and  an  excessive 
amount  of  forest  fuels.  The  area  includes  about  10  million  acres 
)f  forest  land  and  is  bounded  on  the  north  by  the  Columbia  River, 
)n  the  east  by  the  summit  of  the  Cascades,  on  the  south  by  the 
[California  State  line,  and  on  the  west  by  the  Pacific  Ocean. 

Extremes  in  elevations,  wind  directions,  temperatures,  rain- 
fall, and  other  factors  naturally  produce  a  wide  range  in  climatic 
[conditions.  High  fire  danger  may  exist  in  a  part  of  the  area 
yhile  in  other  sections  the  danger  may  be  moderate  or  low. 

Climatic  and  soil  conditions  in  western  Oregon  result  in  the 
j^rowth  of  heavy  stands  of  timber  and  a  luxuriant  grow^th  of 
jmderbrush  and  other  vegetation.  Logging  operations  on  more 
han  400,000  acres  each  year  leave  an  enormous  amount  of  slash 
nd  debris  on  the  ground.  Unburned  slash  and  areas  in  the 
rocess  of  being  logged  can  become  extreme  fire  hazards  during 
he  summer  season. 

Closing  logging  operations  results  in  a  tremendous  economic 
Dss  to  the  State.  Operation  close-down  orders  can  be  justified 
nly  at  such  times  and  in  such  localities  where  critical  fire  danger 
lakes  the  use  of  fire  in  any  form  or  the  use  of  power-driven 
lachinery  a  potential  cause  of  fire  that  could  not  be  controlled, 
careful  study  of  conditions  that  influence  the  starting  and 
pread  of  fire  must  be  made  before  close-down  orders  are  issued. 
)bviously  the  authority  to  close  down  all  forest  operations  on 
p  large  an  area  places  a  tremendous  responsibility  on  the  State 
'orester. 

Prior  to  the  1951  fire  season  each  close-down  order  was  ap- 
]lied  on  all  forest  operations  in  western  Oregon.  No  practical 
Ian  had  been  devised  to  do  otherwise.  During  the  severe  season 
1951,  operations  were  closed  down  a  number  of  times.  In 
>me  instances  all  operations  were  halted  within  a  fire  district 
r  two  or  three  adjoining  districts.  In  other  instances  close-down 
rders  were  imposed  on  all  operations  within  a  watershed.  While 
iiis  system  was  an  improvement  over  that  of  previous  years, 
pny  protests  were  registered  by  operators  in  certain  areas 
here  the  fire  danger  was  not  particularly  critical  during  the 
ose-down  period. 
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Figure  1. —  Close-down  zones  in  western  0; 
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During  the  latter  part  of  the  1951  fire  season  the  State 
Forester  initiated  a  study  of  weather  and  hazard  conditions  on 
the  area.  This  study  consisted  of  reviewing  weather  statistics 
over  a  period  of  years,  fire  occurrence,  fuel  hazard  such  as  un- 
burned  slash,  logging  activity,  and  the  knowledge  of  local  wardens. 
Information  obtained  definitely  indicated  that  the  western  part 
of  the  State  could  logically  be  broken  down  into  smaller  areas 
for  the  purpose  of  administering  the  operation  close-down  feature 
of  the  law. 

In  1952  western  Oregon  was  divided  into  16  close-down  zones, 
each  of  which  was  considered  to  have  a  weather  pattern  of  its 
own  that  at  times  might  vary  from  the  others.  After  the  first 
gear's  experience,  two  zones  were  subdivided  making  18  zones 
at  the  present  time  (fig.  1).  These  zones  were  established  on  the 
basis  of  fire  weather,  fuel  types,  operation  activities,  and  ad- 
ministrative boundaries.  This  was  done  in  order  that  the  close- 
down periods  could  be  applied  as  nearly  as  possible  to  areas 
affected  by  similar  fire  weather  conditions. 

In  each  zone  several  fire  weather  stations  were  established 
where  fire  weather  data  is  taken  throughout  the  day.  This  in- 
formation is  transmitted  to  the  fire  district  headquarters  oflftce 
land  from  there  radioed  to  the  State  Forester's  ofl^ce  where  it  is 
tabulated  for  each  zone.  On  the  basis  of  this  data,  the  judgment 
of  the  district  warden  in  each  zone  of  general  burning  conditions, 
and  fire  w^eather  forecasts  by  the  United  States  Weather  Bureau, 
the  determination  is  made  of  close-down  periods  for  each  zone. 

Each  operating  permit  issued  by  the  State  Forester  shows 
the  zone  number  for  the  area  on  which  the  operation  is  to  be 
conducted.  When  a  close-down  order  is  issued,  the  operator  need 
only  look  at  his  permit  to  determine  if  his  operation  is  affected. 

The  State  Forester  may  close  one  or  as  many  zones  as  appears 
advisable  according  to  conditions  existing. 

The  United  States  Weather  Bureau  at  Portland,  Oreg.,  pre- 
pares fire  weather  forecasts  by  zones,  twice  daily.  These  fore- 
basts  are  broadcast  to  all  fire  district  headquarters  offices  over 
ithe  forestry  department's  radio  network  and  may  be  communi- 
cated to  operators  in  the  districts.  During  the  critical  period 
early  in  September  1955,  operations  were  suspended  in  several 
•zones  without  a  single  remonstrance  from  the  operators  affected. 
Further  study  is  planned  and  if  the  information  obtained  in- 
dicates that  changes  in  zone  boundaries  may  be  desirable  or 
additional  zones  should  be  set  up,  these  improvements  will  be 
made. 


ROBIE  CREEK  FIRE  SAFETY  NEWS 

[Editor's  Note:  Following-  is  the  text  of  a  message  prepared  and  distributed 
to  fire  overhead  during-  the  action  phase  of  a  project  fire  in  the  Inter- 
mountain  Region  of  the  U.  S.  Forest  Service.  The  technique  is  worthy  of 
consideration  for  wilder  use.] 

TO  ALL  FIRE  OVERHEAD: 

Congratulations!  Your  SAFETY  RECORD  to  date  has  been 
very  commendable.  In  spite  of  very  hazardous  conditions,  there 
have  been  no  serious  injuries  on  the  Robie  Creek  Fire.  To  date, 
there  have  been  three  men  disabled — one  by  a  rolling  rock,  one 
due  to  an  eye  injury  caused  by  running  a  branch  into  it,  and 
another  because  of  an  insect  flying  into  his  ear. 

However,  with  the  fatigue  factor  now  entering  the  picture, 
a  danger  of  increasing  accidents  is  more  present.  It  is  up  to  you, 
the  overhead,  from  the  Strawboss  up  to  the  Division  Boss,  to 
keep  accidents  from  occurring.  You  are  directly  responsible  for 
the  safety  of  your  men.  You  cannot  delegate  this  responsibility. 

FIRELINE  SAFETY 

The  greatest  fireline  hazard  on  this  fire  is  from  falling  snags, 
rolling  rocks,  and  rolling  logs.  Be  alert  to  these  dangers.  Keep 
lookouts  posted  for  these  dangers. 

Make  certain  that  every  member  of  your  crew  knows  his 
immediate  boss. 

Always  have  escape  routes  planned  in  advance.  Remember 
that  a  burned-out  area  is  the  safest  area  during  blowups. 

Be  careful  of  smoke  inhalation. 

Have  your  men  drink  water  sparingly  and  use  plenty  of  salt 
with  their  meals. 

Immediately  release  all  unsafe  workers. 

TRANSPORTATION 

Do  not  transport  men  and  tools  in  the  same  vehicle.  Use  youri 
pickup  for  tools  when  you  have  trucks  for  men. 

Designate  one  man  in  each  truckload  of  men  to  insist  upon 
the  following: 

a.  Tools  are  not  being  carried  with  men. 

b.  Men  are  seated  when  truck  is  traveling. 

c.  Tailgates,  or  adequate  roping,  are  used. 

Truck  drivers  must  keep  a  safe  distance  between  vehicles^ 
because  of  smoke  limiting  visibility. 

When  traveling  through  burned  areas,  one  man  in  the  front 
with  the  driver  must  watch  for  dangerous  snags  and  rolling 
material. 

Depressing  headlights,  when  traveling  at  night,  often  increases^ 
the  visibility  in  smoky  areas. 

KEEP  IT  SAFE 

J.  M.  Miller,  Fire  Boss 
George  Lafferty,  Fire  Safety  Officer 
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THE  EFFECT  OF  CERTAIN  VEGETATION 

ERADICATORS  ON  THE  FLAMMABILITY 

OF  VARIOUS  MATERIALS 

E.  J.  Ward 

Forestry  Branch,  Department  of  Norther-n  Affairs 

and  National  Resources,  Canada 

The  problem  of  vegetation  eradication  is  one  that  confronts 
many  organizations,  among  whom  are  railway  companies.  Their 
problem  is  that  of  reducing  fire  hazard  by  clearing  potential 
fuels,  such  as  shrub  and  herbaceous  growth,  from  rights-of-way. 
These  fuels  could  be  ignited  by  live  coals  falling"  from  a  passing 
locomotive.  Some  chemical  vegetation  eradicators,  however,  have 
been  suspected  of  providing  a  fire  hazard  themselves  because  of 
their  flammable  nature.  It  was  also  thought  that  they  increase, 
temporarily,  the  flammability  of  vegetation  and  render  railv/ay 
ties  more  subject  to  burning  and  charring  when  contacted  by  hot 
coals. 

In  addition  to  studying  the  effectiveness  of  several  herbicides, 
members  of  the  Federal  Forestry  Branch  conducted  further 
tests  at  the  Petawawa  Forest  Experiment  Station  in  an  effort 
to  determine  the  effect  on  the  flammability  of  materials  with 
^'hich  these  herbicides  come  in  contact.  For  this  latter  project, 
railway  ties  and  grass  were  used  as  flammability  test  media.  No 
attempt  is  made  here  to  assess  the  effectiveness  of  the  chemicals 
as  vegetation  inhibitors. 

STUDY  TECHNIQUE 

Stock  solutions  of  the  following  herbicides  were  made  up : 
Sodium  chlorate,  diesel  oil,  2,4-D  amine  salt,  2,4-D  butyl  ester, 
^,4,5-T,  C.M.U.,  and  Atlacide.  Some  of  the  concentrations  were 
made  stronger  than  those  normally  used  so  that  poorly  mixed 
solutions  could  be  duplicated.  (In  order  to  reduce  the  effect  of 
5odium  chlorate  solution  in  increasing  the  flammability  of  ma- 
terials contacted,  calcium  chloride  is  sometimes  added.)  One 
auart  of  stock  solution  was  used  to  spray  each  plot.  To  each 
^uart  of  solution,  except  in  the  case  of  diesel  oil,  was  added  an 
3xtra  quart  of  water.  The  extra  liquid  volume  did  not  alter  the 
^mount  of  chemical  used  per  square  foot  but  did  ensure  more 
uniform  plot  coverage.  The  solutions  were  applied  with  an 
ordinary  garden  sprinkler  can. 


!  ^An  article  of  this  title  appeared  in  its  entirety  in  1956  as  Forestry 
flesearch  Division  Technical  Note  36  of  the  Forestry  Branch  of  the  Canada 
Oepai-tment  of  Northern  Affairs  and  National  Resources,  Ottawa.  A  some- 
-vhat  shortened  version  is  published  here  through  the  courtesy  of  the 
p'orestry  Branch. 

! 
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Tests  involving  railway  tie  and  grass  flammability  were  made 
on  an  open  field  on  which  all  dead  vegetation  was  burned  off 
early  in  the  spring  in  order  to  ensure  a  uniform  coverage  of 
green  grass. 

Twelve  creosoted  and  12  uncreosoted  6-  by  8-inch  softwood  ties 
were  used  in  the  flammability  tests.  Four  pairs  of  one-foot 
sections  of  each  type  were  set  on  the  ground  in  plots  measuring 
25  square  feet  each.  One  plot  was  sprayed  with  each  type  of 
herbicide.  Similar  grass-covered  plots  in  the  same  location  were 
sprayed  with  the  same  chemical  vegetation  inhibitors  in  order 
to  determine  their  effect  on  the  flammability  of  grass. 

Matches  were  used  as  the  ignition  agents.  First,  one  match 
was  placed  on  the  tie  and  ignited  with  another.  If  fire  did  not 
spread  from  the  first,  two  matches  were  placed  on  the  tie  with 
their  heads  abutting.  If  only  the  matches  burned,  four  were 
tried,  and  then  eight.  Flammability  tests  were  made  simultane- 
ously on  creosoted  and  untreated  ties  at  intervals  of  20  minutes,- 
1  day,  12  days,  and  1  year  after  application  of  the  chemical. 

On  the  grass  plots,  attempts  were  made  to  burn  plots  repre- 
senting each  treatment  at  intervals  of  5  minutes,  1  week,  11 
month,  and  1  year  after  spraying.  Up  to  three  matches  were* 
used  for  ignition.  Again,  as  a  control  measure,  untreated  plots 
were  tested  at  the  same  times. 

TESTS  ON  RAILWAY  TIES 

In  only  a  few  cases  were  the  results  of  tests  made  on  creosoted 
and  plain  railway  ties  appreciably  different.  During  tests  madet 
20  minutes  after  treatment,  only  the  plain  ties  treated  withf 
diesel  oil  and  creosoted  ties  treated  with  diesel  oil,  C.M.U.,  on 
2,4,5-T,  appeared  more  flammable  than  the  untreated  ones.  Wheni 
ignited  with  one  or  more  matches,  fire  spread  across  the  surface* 
of  each  of  these  more  flammable  ties.  They  were  not  damaged 
as  seriously,  however,  as  the  untreated,  plain  tie  which  was^ 
deeply  charred  beneath  the  eight  matches  used  in  the  test.  Durin^^ 
subsequent  tests  1  day  after  treatment,  ties  sprayed  with  20  per- 
cent sodium  chlorate  and  5  percent  calcium  chloride,  and  creosotec : 
ties  treated  with  diesel  oil  or  2,4-D  butyl  ester,  appeared  morci 
flammable  than  untreated  ties.  Twelve  days  later,  tests  indicatec 
that  creosoted  ties  treated  with  20  percent  sodium  chlorate  anc 
5  percent  calcium  chloride  or  C.M.U.,  and  plain  ties  treated  with 
diesel  oil,  2,4-D  amine  salt,  2,4-D  butyl  ester  and  2,4,5-T,  wer(( 
more  flammable. 

After  1  year,  only  those  ties  treated  with  diesel  oil,  C.M.U. 
5  percent  solution  of  sodium  chlorate,  ammate,  and  2,4,5-T,  stil 
indicated  a  slight  tendency  to  burn,  while  the  others  showed  ncn 
reaction.  The  degree  of  charring  and  fire  spread  was  insignifican 
and  occurred  only  near  the  matches.  Of  the  ties  treated  with  th< 
first  two  solutions,  the  plain  tie  burned  briefly,  and  on  some  o:: 
the  creosoted  ties  treated  with  the  latter  three  solutions,  thd 
creosote  coating  seemed  to  burn  momentarily.   No  burning  o;i 
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•harring  resulted  from  tests  made  on  the  remaining  ties,  in- 
cluding the  untreated  ones. 

The  only  treatments  which  obviously  increased  flammability 
luring  the  tests  were  diesel  oil,  strong  solutions  of  sodium 
chlorate,  2,4-D  butyl  ester,  and  2,4,5-T.  The  latter  two  caused 
mly  slight  increase. 

In  no  case  was  the  charring  of  treated  ties  more  serious  than 
^as  evident  on  those  untreated.  In  some  instances,  fire  flashed 
)ver  the  surface  of  the  tie  causing  ignition  of  surrounding  her- 
)aceous  growth.  This  tendency  was  noted  on  ties  treated  with 
liesel  oil  and  strong  solutions  of  sodium  chlorate,  especially  1 
lay  after  treatment. 

None  of  the  solutions  appeared  to  harm  the  ties  through 
chemical  action, 

TESTS  ON  GRASS  PLOTS 

During  flammability  tests  made  on  grass,  none  of  the  plots 
iould  be  ignited  5  minutes  after  spraying  except  those  treated 
kVith  diesel  oil  and  C.M.U.  Grass  treated  with  the  former  burned 
juite  vigorously,  but  grass  treated  with  the  latter  burned  only 
m  inch  away  from  the  igniting  match.  The  untreated  plot  did 
lot  burn  at  all  since,  like  other  plots,  it  contained  a  very  large 
Dercentage  of  green  grass. 

In  tests  made  1  week  and  1  month  after  treatment,  the 
elative  flammability  of  the  grass  plots  reflected  to  a  great 
xtent  the  percentage  of  grass  killed  by  the  chemical  and  the 
imount  of  accumulated  dead  material.  One  week  after  treatment, 
16  plots  treated  with  either  Atlacide  or  a  mixture  of  sodium 
hlorate  and  2,4-D  burned  somewhat  more  vigorously  than  the 
)ercentage  of  green  w^ould  indicate.  Despite  the  fact  that  the 
immate-treated  plot  was  only  2  percent  green,  it  burned  less 
dgorously  than  would  be  normally  expected.  This  may  indicate 
hat  this  chemical  had  a  fire-retarding  effect.  Two  other  plots 
ould  be  ignited  briefly,  but  the  fires  were  insignificant. 

One  month  after  treatment,  plots  treated  with  2,4-D  amine 
alt  and  2,4,5-T  were  predominately  green,  but  small  fires  were 
>btained  on  them.  Test  plots  indicating  very  high  or  extreme 
ammability  were  those  treated  with  20  percent  sodium  chlorate 
md  5  percent  calcium  chloride,  C.M.U.  and  Atlacide.  On  all  of 
hese  plots,  however,  very  little  green  grass  remained.  With  very 
ittle  dead  vegetation  existing  on  those  treated  with  2,4-D  butyl 
ster  and  C.M.U.,  no  fires  were  obtained.  A  very  small  fire 
umed  briefly  on  the  untreated  plot. 

One  year  after  spraying,  the  flammability  of  plots  coincided 
[uite  closely  with  the  degree  of  kill  and  the  amount  of  dead 
aaterial  on  them.  Test  plots  which  had  been  treated  with  diesel 
il  showed  a  slightly  increased  flammability,  but  on  the  others 
.ny  increase  of  fire  activity  could  not  be  traced  positively  to  the 
pfluence  of  the  vegetation  inhibitors  applied  to  them. 
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SUMMARY  AND  CONCLUSIONS 

In  no  case  could  it  be  definitely  assumed  that  the  chemical  usei 
actually  reduced  flammability. 

The  chemicals  which  most  strongly  exhibited  a  tendency  t 
increase  flammability  were  diesel  oil  and  strong  solutions  o 
sodium  chlorate.  C.M.U.  seemed  to  increase  flammability  slightl; 
when  the  sprayed  material  was  still  wet.  These  observations  hel 
true  for  each  set  of  materials  tested.  Solutions  of  2,4-D  compound 
and  2,4,5-T  raised  flammability  to  a  neg'ligible  extent  in  som 
cases. 

Any  advantages  which  may  result  from  the  use  of  diesel  oi 
as  a  herbicide  are  offset  by  the  increased  flammability  of  mate 
rials  so  treated.  Therefore,  its  use  as  a  vegetation  inhibitor  couL 
not  be  justified  where  fire  is  not  wanted.  The  same  conclusio: 
applies  to  strong  solutions  of  sodium  chlorate  unless  they  ar 
mixed  with  calcium  chloride  in  a  ratio  of  at  least  two  to  on 
respectively.  (It  was  observed  in  previous  tests  that  the  norms 
flammability  of  materials  was  actually  reduced  when  treated  wit: 
a  mixture  of  equal  parts  of  the  two  chemicals.)  It  was  clearl: 
evident  that  1  year  after  application  none  of  the  herbicides  seri 
ously  affected  the  flammability  of  either  railway  ties  or  grass. 

In  order  to  keep  fire  hazard  to  a  minimum  by  avoiding  a: 
accumulation  of  dead  material,  it  would  seem  advisable  to  do  on 
of  two  things : 

1.  Before  treatment,  cut  and  burn  grass  and  herbaceous  growth 
in  the  autumn  or  early  spring.  Spray  with  herbicide  during  th 
development  of  new  growth. 

2.  After  treatment,  burn  the  area  when  considerable  brownini 
of  the  vegetation  has  become  evident.  This  should  be  followed  b; 
a  respray  of  the  area  since  some  new  plant  growth  often  appean 

Following  satisfactory  killing  of  the  vegetation  on  the  treate^ 
area,  it  would  be  wise  to  maintain  periodic  spraying  to  preven 
the  vegetation  from  becoming  re-established  and  providing  ar 
other  accumulation  of  fuel.  Observations  made  to  date  on  som 
of  the  herbicides  would  indicate  that  effective  control  would  b 
maintained  only  if  respraying  was  done  at  intervals  not  exceedin 
3  years. 


A  TRAINING  COURSE  IN  FIRE  SAFETY  AND 
FIRE  SUPPRESSION  TECHNIQUES 

A.  R.  Cochran 

Fii^e  Control  Chief,  Region  7,  U.  S.  Forest  Service 

Land  managers  face  a  training  problem  in  common  fire  safety 
,nd  fire  suppression  techniques  that  must  be  met  by  the  use  of 
Lve  fire  to  demonstrate  effectively  fire's  behavior  and  control. 
Ictual  fire  conditions  must  be  used,  since  today  many  district 
angers  have  had  relatively  little  experience  in  fire  controL  Also, 
he  oldtime  cooperators  with  experience  in  fire  fighting  are  being 
eplaced  by  a  new  generation  with  little  background  for  this  work. 

To  evaluate  and  to  improve  on  this  situation  a  regional  train- 
ng  committee  was  appointed.  This  committee,  consisting  of  a 
istrict  ranger,  an  experienced  ranger  assistant,  and  a  fire  con- 
rol  specialist  with  administrative  background,  was  to  study  train- 
ng  needs  of  the  Region  and  to  develop  a  fresh  approach  to  train- 
ig  in  fire  safety  and  suppression. 

The  committee  consulted  with  fire  behavior  experts  in  research 
nd  others  familiar  with  the  reaction  of  fire  to  fuel,  topography, 
nd  weather  at  a  specific  time  and  location.  They  determined  that 
nowledge  of  basic  fire  behavior  is  essential  if  fire  fighters  are  to 
nderstand  how  natural  forces  influence  fire  in  a  given  situation. 
Iso  fire  behavior  must  be  understood  before  men  can  anticipate 
nd  meet  problems  of  controlling  fire  safely  and  efficiently. 

The  committee's  problem  became  that  of  finding  an  adequate 
ay  to  teach  fire  behavior  so  that  the  principles  could  be  observed 
nd  comprehended.  The  method  of  approach  finally  selected  in- 
olved  12  lessons  arranged  within  the  following  three  steps:  (1) 
Ln  introduction  to  fire  behavior,  since  a  fire  control  man  must 
now  fire  behavior  to  do  a  good  job  of  suppression.  (2)  The 
reparation  of  a  fire  suppression  organization,  which  is  con- 
?rned  with  the  management  of  men,  including  their  safety, 
elf  are,  and  efficiency.  (3)  Actual  fire  suppression,  which  puts 
)  use  the  knowledge  gained  under  (1),  fire  behavior,  and  (2), 
re  suppression  organization. 

Outline  for  a  Course 

in 

How  to  Suppress  a  Forest  Fire 

Introduction  to  fire  behavior 

A.  How  a  fire  burns  (Lesson  1) 

B.  Heat  transfer  (Lesson  2) 

C.  Factors  affecting-  combustion 

1.  Fuel 

a.  Moisture  content  (Lesson  3) 

b.  Size  and  arrangement  (Lesson  4) 

2.  Weather  (Lesson  5) 

a.  Wind 

b.  Moisture 

3.  Topography  (Lesson  6) 
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II.    Fire  suppression  organization 

A.  Use  of  tools  (Lesson  7) 

B.  Fire  crew  organization  (Lesson  8) 

C.  Line  construction  (Lesson  9) 

III,    Fire  suppression 

A.  Line  location 

1.  Factors  in  selecting  point  of  attack  (Lesson  10) 

2.  Factors  in  securing  the  line — includes  backfiring  (Lesson  11) 

B.  Mopup;  fire  out  (Lesson  12) 

The  Region  held  a  demonstration  training  session  on  Septen: 
ber  11,  12,  and  13,  1956,  on  the  James  River  District  of  th 
George  Washington  National  Forest.  The  trainees  were  youn 
technicians  most  of  whom  had  been  with  the  Service  less  than 
years.  These  men  were  divided  into  seven  groups  of  seven  eae 
with  a  national-forest  fire  staff  man  as  instructor.  In  the  beginnin 
the  trainees  were  told  that  the  course  would  test  certain  assump 
tions  and  training  techniques  and  that  each  of  them  was  to  ap 
praise  the  effectiveness  of  the  training  in  meeting  the  objective 
set  up. 

It  is  important  that  favorable  burning  conditions  exist  an 
that  test  fires  do  not  burn  too  fast  or  too  slowly  for  good  in 
struction.  Such  conditions  are  indicated  by  the  fire  danger  ratin 
or  burning  index.  During  the  3-day  session  favorable  condition 
did  exist  as  the  2:00  p.  m.  burning  index  showed: 

•pv   i.    .                            Buildup  Fuel  moisture  Wind  Burning 

■^**^*^'                              index                      (percent)  {m.p.h.)  index 

9/11 - 12                        9.0                        7.5  4 

9/12 15                        9.0                        4.5  3 

9/13 18                        8.0                        9.0  7 

The  first  six  lessons  covered  the  subject  of  fire  behavior.  No 
until  these  were  finished  was  there  an  attempt  to  apply  fir 
behavior  in  fire  suppression.  These  lessons  were  taught  in  a: 
open  field.  Each  group  was  equipped  with  a  pile  of  sawdust^ 
about  2  cubic  yards  in  voIume^ — for  shaping  into  desired  tope 
graphic  features,  a  piece  of  tin  about  3  feet  square,  a  small  suppl 
of  light  natural  forest  fuels,  such  as  leaves,  needles,  twigs,  an 
small  limbs,  and  an  adequate  supply  of  planer  shavings  fo 
various  tests  in  the  lesson  series. 

Lesson  1,  "How  a  fire  burns,"  demonstrates  in  simple  manne 
the  four  stages  of  combustion:  (1)  Preheating,  (2)  ignition,  (3 
gaseous  combustion,  and  (4)  carbon  burning  stage.  If  the  piec 
of  tin  is  bent  into  a  U  shape,  and  a  small  fire  built  undemeatl 
fuel  put  on  top  of  the  tin  will  burst  into  flame  without  actual) 
coming  in  contact  with  a  flame.  This  demonstrates  preheating  an 
gaseous  combustion.  The  heat  produced  by  combustion  is  in; 
portant  to  understand  and  manage  in  fire  control  and  is  tl: 
subject  for  this  lesson. 

Lesson  2  demonstrates  heat  transfer  by  (1)  radiation,  (2 
convection,  (3)  conduction,  and  (4)  mass  transfer.  The  lessc 
critique  covers  heat  transfer  not  only  by  one  method  but  also  1 1 
a  combination  of  two  or  more  of  these  methods. 
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Lessons  3  through  6  develop  the  factors  that  affect  combustion. 
Fuel  moisture  content  is  the  most  important  variable  affecting 
the  combustion  rate.  Lesson  3  readily  demonstrates  this  fact  by 
using  dry,  normal,  and  green  fuel  of  a  given  fuel  type. 

Lesson  4  demonstrates  size  and  arrangement  of  fuel  affecting 
combustion.  The  three  sizes  are  light,  medium,  and  heavy;  and 
the  four  arrangements,  loose,  compact,  continuous,  and  patchy. 

Lesson  5  demonstrates  and  explains  the  factors  of  wind, 
moisture,  and  temperature. 

In  lesson  6  the  final  factor  is  demonstrated — topography  as  it 
affects  the  combustion  rate.  The  information  on  behavior  acquired 
by  the  trainee  now  enables  him  to  tie  in  these  factors  with  slope 
and  shape.  The  effect  of  elevation  and  aspect  are  also  explained. 
Interesting  and  realistic  live  fire  demonstrations  are  possible 
with  prepared  fuel  and  appropriate  topographic  features  shaped 
in  the  sawdust  pile  (figs.  1-4). 


Figure  1. — The  influence  of  topography  brings  about  a  characteristic  two 
prong  advance  up  the  nearest  spur  ridges  from  the  point  of  origin 
(planer  shavings  fuel). 
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Figure  2. — The  steep  valley  between  the  ridges  burn^  with 
at  this  stage  of  the  development  of  this  fire. 


leat  intensit 


When  the  six  basic  fire  behavior  lessons  have  been  complete( 
the  trainees  should  be  able  to  apply  the  various  factors  accoun' 
ing  for  behavior  to  particular  situations  or  to  set  up  assume 
situations  and  try  them  out  on  the  sawdust  pile.  Many  possibil 
ties  exist  for  lively  training  situations,  since  with  imaginatio 
and  ingenuity  they  can  be  made  interesting  and  realistic. 

Lessons  7,  8,  and  9  explain  and  demonstrate  recruiting  an 
organizing  a  fire  crew,  the  crew's  relation  to  the  district  oi: 
ganization,  and  its  part  in  an  expanded  fire  organization.  The  us> 
of  tools,  here  considered  as  a  part  of  organizing  a  crew,  is  fo 
lowed  by  actual  line  construction  in  the  field,  including  use  c 
line  fire  in  backfiring.  The  appropriate  Safety  Code  provision 
of  supervision,  use  of  tools,  transportation,  and  fire  fighting  fori 
part  of  the  instruction.  A  previously  selected  area  having 
variety  of  fuel  and  topographic  features  is  used.  Low  hills  wit 
sharp  relief  and,  of  course,  adequate  fuel  types  produce  the  bes 
conditions  for  demonstration.  The  area  should  be  mapped  to  sho^ 
topography  and  fuel  and  a  map  should  be  furnished  each  trainer 
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Figure  3. — In  this  simulated  situation  the  fire  has  burned  to  the  top  and  is 
advancing  downhill.   (Straw  chopped  in  4-inch  lengths  is  used  for  fuel.) 


•'icrRE  4. — Under  the  influence  of  a  strong  wind  generated  with  a  hand- 
operated  fan,  the  fire  travels  across  country.  The  influence  of  topography 
has  been  counteracted  by  that  of  wind  (planer  shavings  fuel). 
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In  lessons  10,  11,  and  12  problems  covering  point  of  attack 
line  location,  and  mopup  are  solved  by  demonstrating  a  variety 
of  topographic  and  fuel  situations.  This  is  fire  foremanship  a 
work  in  applying  fire  behavior  principles  to  the  solution  of  fir( 
problems.  Live  fire  is  used.  A  special  mopup  crew  moves  in  am 
puts  out  the  fires  used  in  lessons  10  and  11  since  mopup  at  thii 
point  is  not  a  part  of  the  instruction. 

Student  performance  was  evaluated  on  the  basis  of  FM  21-6— 
Techniques  of  Military  Instruction,  Department  of  the  Army 
May  1954,  Chapter  11.  An  examination  consisted  of  43  true-and 
false  and  multiple-choice  problems.  The  scores  for  each  of  th( 
seven  groups  were  quite  satisfactory,  and  ranged  from  81  to  9( 
points  out  of  a  possible  99.  The  highest  individual  score  was  93 
and  the  lowest  67. 

Trainee  reaction  and  comments  showed  an  enthusiastic  en 
dorsement  of  this  method  of  training  in  fire  safety  and  fir 
suppression. 

As  a  result  of  this  test  run,  suggestions  were  obtained  fron 
both  trainees  and  committee  critique  for  improving  the  subjec 
matter  and  for  including  certain  introductory  or  supplementar; 
material.  These  suggestions  will  be  incorporated  in  revised  lesso: 
plans  to  provide  more  efiicient  instruction. 

The  1956  session  emphasized  the  value  of  complete  planning 
careful  selection  of  instructors,  and  building  a  solid  knowledge  i: 
fire  fundamentals.  From  this  point  advanced  training  in  overa 
fire  safety  and  actual  fire  assignments  can  be  approached  witt 
greater  confidence. 


HONORARY  NATIONAL  FOREST  WARDEN 

A.  R.  Cochran 
Fire  Control  Chief,  Region  7,  U.  S.  Forest  Service 

Forty-two  years  have  passed  since  the  first  national  forest 
A^ardens  were  organized  in  this  Region.  These  wardens  were 
3ioneers  and  key  individuals  in  establishing  fire  protection.  The 
>T0up  was  founded  as  a  ready  force  to  defend  the  country's 
forests  from  fire.  Most  of  the  oldtimers  have  been  replaced  by 
Tiembers  of  a  new  generation,  but  these  pioneers  remain  an  active 
md  important  influence  behind  the  warden  organization. 

When  the  fire  crew  leaders  reach  an  age  w^here  strenuous  fire 
ighting  is  not  good  practice,  they  can  still  serve  well  in  fire 
prevention  work.  Their  experience,  training,  and  standing  in  the 
community  are  strong  factors  in  promoting  fire  prevention.  Most 
.vardens  want  to  feel  that  they  are  still  a  part  of  the  protection 
'orce  and  are  needed.  If  appropriate  recognition  is  given,  such 
IS  by  appointing  them  Honorary  Wardens,  their  continued  in- 
:erest  and  leadership  is  retained. 
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Figure  1. — Honorary  national  forest  warden  cei-tificate. 
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The  national  forests  in  Region  7  have  been  quite  successful  i] 
making  the  transition  from  warden  to  honorary  warden.  Th 
ranger  who  promoted  the  idea  held  a  special  dinner  at  which  h 
presented  the  "graduating"  wardens  with  honorary  certificate 
prepared  especially  for  the  occasion  (fig.  1).  The  press  wa, 
invited  and  obtained  interesting  life  stories,  featuring  battle 
in  the  early  days  to  protect  the  country's  resources. 

Now  it  has  become  standard  practice  to  mark  such  occasion 
with  ceremony.  The  retiring  warden  is  presented  with  a  regiona 
honorary  warden  certificate,  appropriately  framed,  which  be 
comes  a  prized  keepsake  because  of  its  association. 


Figure  2. — Rustic   routed  honorary   warden  sign  on  the  Jefferson  Nation' 

Forest. 


A  routed  rustic  sign  honoring  the  warden  is  being  used  ai 
the  Jefferson  National  Forest   (fig.  2).  This  has  been  well  r<i 
ceived.  To  have  an  active  trained  warden  organization  is  goc 
business,  but  it  is  also  good  business  to  retain  the  interest  am 
backing  of  the   oldtimers   who  have   played   an   active  part 
resource  conservation. 


OCCURRENCE  RATE  AS  A  MEASURE  OF  SUCCESS 
IN  FIRE  PREVENTION 

John  J.  Keetch 

Forester  (Fire  Control),  Division  of  State  and  Private  Forestry, 

Region  7 ,  U.  S.  Forest  Service 

There  is  a  direct  relation  between  Burning  Index,  as  measured 
y  meter  type  8  in  the  Northeast,  and  fire  occurrence.  This  is 
lustrated  by  the  following  tabulation  of  data  from  District  3,  in 
le  northern  piedmont  of  Virginia,  for  calendar  year  1954/ 

Burning  ^  ^ 

xnucA                                         Days  Fires  of  fires 

range:                                     (number)  {number)  tier  day 

0-10  164  15  0.1 

11-20  88  42  .5 

25-40  70  72  1.0 

45-80  37  113  3.1 

85+  6  38  6.3 

Total  365  280  — 

The  number  of  fires  per  day  for  similar  burning  conditions 
aries  greatly  among  districts  because  of  diff'erences  in  size,  sea- 
3nal  risk,  and  population  trends.  However,  an  increase  in  fire 
icidence  with  an  increase  in  Burning  Index,  such  as  in  Virginia 
listrict  3,  is  common  throughout  the  Eastern  Region.  This  means 
lat  wide  fluctuations  in  fire  weather  from  year  to  year  are 
sually  accompanied  by  similar  fluctuations  in  fire  occurrence, 
'hus,  unless  the  effect  of  changing  weather  on  fire  occurrence  is 
ccounted  for,  it  is  impossible  to  judge  whether  we  are  gaining 
r  losing  in  fire  prevention.  As  an  example,  District  3  averaged 
50  fires  per  year  during  the  6-year  period  1943-48,  and  254  fires 
er  year  for  the  6-year  period  1949-54.  Corresponding  figures  for 
le  State  of  Virginia  are  1,888  fires  and  2,151  fires.  Such  increases 
1  the  average  occurrence  are  most  discouraging,  especially  when 
re  prevention  effort  has  been  greatly  strengthened  and  expanded 
ince  1943.  An  obvious  inference  is  that  more  severe  burning  con- 
itions  during  the  latter  period  increased  the  average  fire  occur- 
ence. Although  this  is  a  reassuring  thought,  it  does  not  prove 
,ie  effectiveness  of  the  fire  prevention  program,  because  the  fact 
emains,  more  fires  occurred. 

A  clearer  view  of  the  situation  is  to  compare  the  annual  occur- 
pnce  to  measured  fire  danger  to  determine  whether  the  occur- 
ence rate  (number  of  fires  per  thousand  units  of  Burning  Index) 
rising  or  falling.  A  decrease  in  the  occurrence  rate,  especially 
a  downward  trend  is  maintained  for  a  period  of  years,  would 
I  tangible  evidence  of  success  in  fire  prevention. 

'Data  summarized  from  table  6,  1954  Forest  Fires  and  Fire  Danger  in 
irginia,  by  J.  J.  Keetch  and  M.  C.  Gladstone,  mimeographed  report,  South- 
st.  Forest  Expt.  Sta.,  December  1955.  Selected  as  being  fairly  representa- 
'■e  of  the  68  analysis  units  in  Region  7. 

41 


42 


FIRE  CONTROL  NOTES 


This  is  illustrated  in  figure  1  for  District  3,  Virginia.  In  th 
upper  graph  the  total  fires  and  total  Burning  Index  (in  thousand 
of  units)  are  plotted  by  years  1943-54,  the  period  for  which  con 
plete  records  are  available.  The  occurrence  rate  for  correspondin 
years  is  shown  in  the  lower  graph.  Although  the  number  of  fir^ 
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Figure  1. — Fire  occurrence,  Burning  Index,  and  occurrence  rate  in  Distr 
3,  Virginia,  by  years,  1943-54. 
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aried  greatly — from  448  fires  in  1943  to  120  fires  in  1948,  then 
•ack  to  311  fires  in  1953 — the  occurrence  rate  shows  a  fairly  con- 
istent  downward  trend. 

Just  as  the  number  of  fires  by  districts  may  be  added  to  derive 
he  total  State  occurrence,  the  district  occurrence  rates  may  be 


4,000 


3,000 


2,000 


1,000 


0. 


\ 

\ 

A 

/ 

"^ 

^ 

^^ 

^ 

X 

s. 

J 

V 

\ 

/ 

—  F 

IRE 

OCC 

VRh 

'£N( 

:e 

43     '44     '45      '46     '47     '48     '49     '50     '51       '52     '53     '54 


800 


600 


400 


200 


0. 


^ 

"^^ 

^ 

s^ 

OCC 

URR 

ENC 

:e  R 

ATE 

^ 

\ 

\ 

"^ 

— ■ 

43     '44     '45     '46     '47     '48     '49      '50     '51       '52     '53     '54 

YEAR 


fGURE   2. — Fire   occurrence   and   occurrence   rate   in   Virg-inia,   al 
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added  to  obtain  a  figure  representing  the  statewide  rate.  This  pro 
cedure  is  illustrated  in  figure  2,  which  shows  the  district  totaL 
for  the  9  administrative  districts  in  Virginia,  1943-54.  After  th( 
1948  season  the  State  Forester  could  view  the  downward  trenc 
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Figure  3. — Fire  occurrence  and  occurrence  rate  in  the  States  of  Region  '5 
except  Delaware,  by  years,  1943-54. 
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1  number  of  fires  since- 1943  with  considerable  satisfaction.  How- 
ver,  at  the  end  of  the  1954  season  he  could  probably  find  little 
omfort  in  viewing  the  persistent  high  level  of  occurrence  since 
948.  It  all  depends  from  what  point  in  time  he  chose  to  evaluate 
he  preceding  years  of  record.  The  data  on  occurrence  rate  in 
he  lower  section  of  figure  2  removes  any  doubt  that  the  occurrence 
ate  in  Virginia,  statewide,  has  been  decreasing  whether  viewed 
rom  1948  or  1954. 

Just  as  the  district  data  build  up  to  State  totals,  so  the  State 
ata  build  up  to  regional  totals.  The  regional  data  on  number  of 
ires  and  occurrence  rate  are  shown  in  figure  3.-  Regionwide,  it 
iould  be  difficult  to  claim  any  success  in  reducing  the  number  of 
ires  if  the  top  graph  in  figure  3  is  the  extent  of  the  record.  A 
rend  line  averaging  the  12-year  period  would  be  just  about  level, 
^'he  true  picture  unfolds  in  the  low^er  graph,  where  it  is  evident 
hat  the  occurrence  rate  for  the  last  5  years  of  the  period  is  much 
Dwer  than  for  the  first  5  years.  The  computed  reduction  based 
n  averages  for  the  two  5-year  periods  is  44  percent — a  definite 
aeasurement  of  success  in  fire  prevention  when  the  effect  of 
weather  has  been  considered.  Such  a  statement  is  more  con- 
vincing and  is  much  more  useful  in  fire  control  planning  than  to 
ay,  "Sure,  we  are  having  about  the  same  number  of  fires  as  we 
|id  10  years  ago,  but  then,  we  have  more  people  in  the  woods  and 
le  weather  has  been  worse." 

-Fires  that  occurred  on  days  when  the  fire  danger  was  not  measured 
re  not  included.  Occurrence  in  Kentucky  was  adjusted  to  the  1954  protected 
rea  level.  Occurrence  in  Massachusetts  was  adjusted  to  the  1953  and  1954 
vel  of  reporting. 
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It  is  requested  that  all  contributions  be  submitted  in  duplieate, 
typed  double  space,  and  with  no  paragraphs  breaking  oyer  to  the 
next  pagee 

The  title  of  the  article  should  be  typed  in  capitals  at  the  top  of  the 
first  page,  and  immediately  underneath  it  should  appear  the  author's 
name,  position,  and  unit. 

Any  introductory  or  explanatory  information  should  not  be  included 
in  the  body  of  the  article,  but  should  be  stated  in  the  letter  of  trans- 
mittal. 

Illustrations,  whether  drawings  or  photographs,  should  have  clear 
detail  and  tell  a  story.  Only  glossy  prints  are  acceptable.  Legends  for 
illustrations  should  be  typed  in  the  manuscript  immediately  following 
the  paragraph  in  which  the  illustration  is  first  mentioned,  the  legend 
being  separated  from  the  text  by  lines  both  above  and  below.  Illustra- 
tions should  be  labeled  ''figures''  and  numbered  consecutively.  All  dia- 
grams should  be  drawn  with  the  type  page  proportions  in  mind,  and 
lettered  so  as  to  permit  reduction.  In  mailing,  illustrations  should  be 
placed  between  cardboards  held  together  with  rubber  bands.  Paper 
cHps  should  never  be  used. 

When  Forest  Service  photographs  are  submitted,  the  negative  num- 
ber should  be  indicated  with  the  legend  to  aid  in  later  identification 
of  the  illustrations.  When  pictures  do  not  carry  Forest  Service  num- 
bers, the  source  of  the  picture  should  be  given,  so  that  the  negative 
may  be  located  if  it  is  desired. 

India  ink  line  drawings  will  reproduce  properly,  but  no  prints 
(black-line  prints  or  blueprints)  will  give  clear  reproduction.  Please 
therefore  submit  well-drawn  tracings  instead  of  prints. 
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SOME  PRINCIPLES  OF  COMBUSTION  AND  THEIR 

SIGNIFICANCE  IN  FOREST  FIRE  BEHAVIOR 

George  M.  Byram 

Physicist,  Southeastern  Forest  Experiment  Station 

Combustion  chemistry 

Although  a  large  fire  is  essentially  a  physical  or  meteorological 
phenomenon,  combustion  itself  is  a  chemical  chain  reaction  pro- 
cess, which  takes  place  at  high  temperatures.  In  all  forest  fires, 
large  or  small,  materials  such  as  leaves,  grass,  and  wood  combine 
with  oxygen  in  the  air  to  form  combustion  products  plus  large 
quantities  of  heat.  Heai:,  as  we  shall  see,  is  the  most  important 
combustion  product  in  fire  behavior. 

There  are  three  rather  definite  phases  of  combustion,  although 
they  overlap  somewhat  and  all  exist  simultaneously  in  a  moving- 
fire.  First  comes  the  preheating  phase  in  which  fuels  ahead  of  the 
fire  are  heated,  dried,  partially  distilled,  and  ignited.  In  the 
second  phase,  the  distillation  of  gaseous  substances  continues  but 
is  now  accompanied  by  their  burning  or  ''oxidation."  Ignition 
might  be  regarded  as  the  link  between  the  first,  or  preheating, 
phase  and  the  second,  or  gaseous,  combustion  phase.  Ignition  may 
also  be  regarded  as  the  beginning  of  that  part  of  the  combustion 
process  in  which  heat  is  given  off.  The  flames  seen  over  a  forest 
fire  or  in  a  fireplace  are  the  burning  of  distilled  gases ;  combustion 
products  are  principally  invisible  water  vapor  and  carbon  dioxide. 
[f  combustion  is  not  complete,  some  of  the  distilled  substances  will 
condense  without  being  burned  and  remain  suspended  as  very 
imall  droplets  of  liquid  or  solid  over  the  fire.  These  condensed 
ubstances  are  the  familiar  smoke  that  accompanies  most  fires. 
Dnder  certain  conditions  some  of  the  water  vapor  may  also  con- 
dense and  give  the  smoke  a  whitish  appearance. 

In  the  third  or  final  phase  the  charcoal  left  from  the  second 
}hase  is  burned  and  leaves  a  small  amount  of  residual  ash,  which 
s  not  a  combustion  product.  If  combustion  is  complete  and  if  the 
;harcoaP  is  mostly  carbon,  the  primary  combustion  product  in 
;his  phase  will  be  carbon  dioxide  because  the  initial  water  is 
Iriven  off  in  the  first  two  phases.  Some  carbon  monoxide  is 
'ormed  as  an  intermediate  product  which  in  turn  burns  as  a  gas 
0  form  carbon  dioxide.  The  small  blue  flames  appearing  over  the 
oals  in  a  fireplace  are  carbon  monoxide  burning.  However,  if 
ombustion  is  not  complete,  small  amounts  of  carbon  monoxide 
emain.  In  this  phase  the  fuel  is  burned  as  a  solid,  with  oxidation 
aking  place  on  the  surface  of  the  charcoal. 

Even  though  the  three  combustion  phases  tend  to  overlap,  they 
;an  be  plainly  seen  in  a  moving  fire.  First  is  the  zone  in  which 
eaves  and  grass  blades  curl  and  scorch  as  they  are  preheated  by 
he  oncoming  flames.   Next  is  the  flame  zone  of  burning  gases. 


The  composition  of  charcoal  varies,  depending-  on  the  conditions  under 
vhich  it  is  formed.  If  the  distillation  temperature  is  low,  400  to  500  F.,  the 
harcoal  will  contain  considerable  tar  coke.  However,  in  the  rapid  heating  and 
esultant  high  temperatures  existing  in  a  forest  fire,  the  deposits  of  secondary 
>roducts  in  the  charcoal  are  probably  low. 

47 


48  FIRE  CONTROL  NOTES 

Following  the  flames  is  the  third  but  less  conspicuous  zone  o 
burning  charcoal.  Unless  fuels  dry  to  a  considerable  depth  (tha 
is,  unless  the  Build-up  Index  is  high),  this  last  zone  may  be  al 
most  absent.  If  this  happens  the  burned-over  area  will  appea 
black  instead  of  gray,  which  means  that  much  of  the  remainin; 
charcoal,  as  well  as  some  of  the  underlying  fuel,  has  not  com 
pletely  burned.  With  the  exception  of  such  years  as  1947,  195^ 
and  1955,  a  blackened  burned-over  area  has  been  more  commo 
than  a  gray  ash-covered  area  in  the  Eastern  and  Southern  States 

Heat  of  combustion 

The  heat  of  combustion  is  heat  that  makes  combustion  a  chai 
reaction.  Heat  supplied  to  unburned  fuel  raises  its  temperaturi 
to  the  point  where  the  fuel,  or  the  gases  distilled  from  the  fue 
can  react  with  the  oxygen  in  the  atmosphere  and  in  so  doing  giv 
off  more  heat.  This  in  turn  raises  the  temperature  of  adjacer 
fuel,  and  thus  the  chainlike  nature  of  combustion  becomes  ei 
tablished. 

The  heat  energy  released  by  burning  forest  fuels  is  high  an 
dees  not  vary  widely  between  different  types  of  fuels.  The  tabuk 
tion  below  gives  the  heats  of  combustion  for  a  number  of  sul 
stances.  These  materials  and  heats  were  selected  from  tables  i 
Kent's  Mechanical  Engineers  Handbook,  12th  edition.  The: 
average  is  probably  a  good  approximation  for  forest  fuels.  Fue 
do  not  ordinarily  burn  with  maximum  efficiency,  so  the  actur' 
amount  of  heat  released  per  pound  of  fuel  in  a  forest  fire  will  t 
somewhat  less  than  shown  in  the  tabulation.  For  a  small  fii  '^ 
burning  in  dry  fuels  with  very  little  smoke,  the  combustio 
efficiency  might  be  as  high  as  80  percent.  Large  fires  burning  will 
dense  smoke  would  be  less  efficient.  Combustion  efficiency  probab 
drops  somewhat  with  increasing  moisture  content. 


Heat  of  combustion  per  pound,  d 
Substance :  (B.t.u.) 

Wood    (oak) 8,316 

Wood    (beech)  8,591 

Wood  (pine)   9,153 

Wood  (poplar)  7,834 

Pine  sawdust 9,347 

Spruce   sawdust 8,449 

Wood  shavings  8,248 

Pecan  shells 8,893 

Hemlock  bark  8,753 

Pitch  15,120 


lilt 


ifl 


Average   (excluding  pitch) 8,620 

Heats  of  combustion  are  given  in  British  thermal  units  p 
pound  of  dry  fuel.  A  B.t.u.  is  the  quantity  of  heat  needed  to  rai 
the  temperature  of  1  pound  of  water  1°  F.  For  example,  the  abo 
tabulation  shows  with  the  help  of  a  little  arithmetic  that  t 
burning  of  1  pound  of  an  average  woody  fuel  gives  off  enouj 
heat  to  raise  the  temperature  of  100  pounds  of  water  about  86° 
To  raise  the  temperature  of  100  pounds  of  water  (about 
gallons)  from  a  temperature  of  62°  F.  to  the  boiling  temperatu 
of  212°  F.  would  require  about  1.7  pounds  of  an  average  woo< 
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'iiel  if  it  burned  with  maximum  efficiency.  About  1  pound  of  pitch 
vould  accomphsh  the  same  result. 

The  rate  of  heat  release  in  a  forest  fire  can  be  visualized  by 
comparing  it  with  a  familiar  rate,  such  as  that  required  for  house 
leating.  For  example,  consider  a  hot,  rapidly  spreading  fire 
)urning  with  a  20-chain  front  and  with  a  forward  rate  of  spread 
)f  50  chains  per  hour.  If  the  fire  burns  6  tons  of  fuel  per  acre, 
n  1  hour's  time  enough  fuel  would  be  consumed  to  heat  30 
louses  for  la  year  if  each  house  yearly  required  the  equivalent  of 
10  cords  of  wood  weighing  approximately  2  tons  per  cord.  Oc- 
casionally there  is  a  fire  in  the  Eastern  States  with  a  rate  of 
;pread  exceeding  5,000  acres  per  hour.  If  it  burns  in  a  dense, 
;ontinuous  stand  of  conifers,  which  might  have  12  tons  or  more 
)f  available  fuel  per  acre,  such  a  fire  could  consume  enough  fuel 
n  an  hour  to  heat  3,000  houses  for  a  year. 

Heat  transfer 

There  are  three  primary  ways  in  which  heat  ti'avels  or  is 
ransferred  from  one  location  to  another.  These  are  conduction, 
;onvection,  and  radiation.  Although  dependent  on  convection, 
here  is  a  fourth  or  secondary  means  of  heat  transfer  in  forest 
ires,  which  might  be  described  as  ''mass  transport."  This  is  the 
arrying  of  embers  and  firebrands  ahead  of  the  fire  by  convective 
urrents  and  results  in  the  familiar  phenomenon  of  "spotting." 

As  a  heat-transfer  mechanism,  conduction  is  of  much  greater 
mportance  in  solids  than  in  liquids  and  gases.  It  is  the  only  way 
eat  can  be  transferred  within  opaque  solids.  By  means  of  con- 
uction,  heat  passes  through  the  bottom  of  a  teakettle  or  up  the 
andle  of  a  spoon  in  a  cup  of  hot  coffee. 

Convection  is  the  transfer  of  heat  by  the  movement  of  a  gas 
r  liquid.  For  example,  heat  is  transferred  from  a  hot  air  furnace 
ito  the  interior  of  a  house  by  convection,  although  the  air  picks 
p  heat  from  the  furnace  by  conduction. 

Radiation  is  the  type  of  energy  one  feels  when  sitting  across 
le  room  from  a  stove  or  fireplace.  It  travels  in  straight  lines  like 
ght,  and  it  travels  with  the  speed  of  light. 

{    Most  of  the  preheating  of  fuels  ahead  of  a  fianie  front  is  done 

w  radiation.  For  a  fire  that  occupies  a  small  area  and  can  be 

lought  of  as  a  "point"   (such  as  a  small  bonfire  or  a  spot  fire), 

le  intensity  of  radiation  drops  as  the  square  of  the  distance  from 

[le  fire  increases.  For  example,  only  one-fourth  as  much  radiation 

^ould  be  received  at  10  feet  as  at  5  feet  from  the  fire.  However, 

hen  a  fire  becomes  larger,  the  radiation  intensity  does  not  drop 

p(if  so  rapidly.  For  a  long  line  of  fire,  the  radiation  intensity  drops 

^iis  the  distance  from  the  fire  increases ;  that  is,  one-half  as  much 

loudiation  would  be  received  at  10  feet  as  at  5  feet.  For  an  ex- 

th-nded   wall   of   flame,   radiation   intensity  drops  off  even  more 

iigpwly.  This  tendency  for  radiation  to  maintain  its  intensity  in 

Ihont  of  a  large  fire  is  an  important  factor  in  the  rapid  growth 

If  a  fire's  energy  output. 

tuii    Convection,  with  some  help  from  radiation,  is  the   principle 
io( leans  of  heat  transfer  from  a  ground  fire  to  the  crowns  of  a 
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conifer  stand.  Hot  gases  rising  upwards  dry  out  the  crown  canopj 
above  and  raise  its  temperature  to  the  kindling  point.  Althougi 
convection  initiates  crowning,  both  convection  and  radiation  pre 
heat  the  crown  canopy  ahead  of  the  flames  after  a  crown  fire  i; 
well  established.  Convection  is  also  a  factor  in  the  preheating  o: 
the  ground  fuels  in  a  surface  fire  but  to  a  lesser  extent  thai 
radiation.  The  effects  of  both  radiation  and  convection  in  pre 
heating  are  considerably  increased  when  a  fire  spreads  upslope 
because  the  flames  and  hot  gases  are  nearer  the  fuels.  The  op 
posite  is  true  for  downslope  spread. 

Convection  and  radiation  can  transfer  heat  only  to  the  sur 
face  of  unburned  (or  burning)  fuel.  Actually,  radiant  heat  ma; 
penetrate  a  few  thousandths  of  an  inch  into  woody  substance 
and  this  penetration  may  be  of  some  significance  in  the  burnin, 
of  thin  fuels,  such  as  grass  blades  and  leaves.  However,  radiatior 
like  convection,  for  the  most  part  transfers  heat  only  to  th 
surface  of  fuel  material,  and  conduction  may  be  considered  th 
only  means  of  heat  transfer  inside  individual  pieces  of  fuel.  Fo 
this  reason  conduction  is  one  of  the  main  factors  limiting  th 
combustion  rate  in  heavy  fuels,  such  as  slash  and  limbs  and  log 
in  blowdown  areas.  Materials  that  are  poor  conductors  of  hea 
such  as  most  forest  fuels,  ignite  more  readily  than  do  good  cor 
ductors,  but  they  burn  more  slowly.  Although  the  effects  c 
conduction  are  far  less  conspicuous  than  those  of  radiation  an 
convection,  conduction  is  a  very  important  factor  in  the  con 
bustion  process. 

Factors  affecting  the  combustion  rate 

Many  factors  affect  combustion  in  such  complex  ways  th; 
they  are  not  yet  fully  understood  even  for  a  simple  gas  or  liqu  i 
fuel.  Solid  fuels  are  even  more  complex.  Even  so,  there  are  tv 
rather  simple  factors  that  have  obvious  and  definite  effects  on  tl 
combustion  rate  of  woody  substances  and  are  of  great  importan 
in  forest  fire  suppression.  The  first  of  these  is  the  moisture  conte 
of  the  fuel,  and  the  second  is  fuel  size  and  arrangement. 

It  is  difficult  to  overestimate  the  effect  of  water  on  the  coi 
bustion  rate  and,  hence,  on  fire  behavior.  Water  in  a  fuel  great 
diminishes  the  preheating  rate  in  the  first  phase  of  combustic 
Much  of  the  heat  is  used  in  raising  the  temperature  of  the  wat 
and  evaporating  it  from  the  fuel.  The  large  quantities  of  resulti: 
water  vapor  dilute  the  oxygen  in  the  air  and  thus  interfere  wi 
the  second  or  gaseous  combustion  phase.  If  the  initial  fuel  moistu 
is  high  enough,  water  vapor  may  make  the  mixture  so  ''lea 
that  the  gases  will  not  burn.  This  dilution  of  the  oxygen  in  t 
air,  also  affects  the  third  or  carbon-burning  phase  of  combustic 
Although  data  are  lacking,  it  is  probable  that  moisture  reduc 
considerably  the  heat  yield  or  combustion  efficiency.  This  h( 
loss  would  be  in  addition  to  that  resulting  from  the  water-heati 
and  evaporation  requirements. 

The  effect  of  size  and  arrangement  of  fuel  on  combustion  c 
be  illustrated  by  the  following  example.  Consider  a  large  pile 
dry  logs  all  about  8  inches  in  diameter.  Although  somewhat  di 
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cult  to  start,  the  log  pile  will  burn  with  a  hot  lire  that  may  last 
for  2  or  3  hours.  The  three  primary  heat-transfer  mechanisms  are 
all  at  work.  Radiation  and  convection  heat  the  surfaces  of  the 
logs,  but  only  conduction  can  transfer  heat  inside  the  individual 
logs.  Since  conduction  is  the  slowest  of  the  three  heat-transfer 
mechanisms,  it  limits  the  combustion  rate  in  this  case.  Consider 
now  a  similar  pile  of  logs  that  have  been  split  across  their  di- 
ameters twice,  or  quartered.  Assume  that  the  logs  are  piled  in  an 
overall  volume  somewhat  greater  than  the  first  pile,  so  there  will 
be  ample  ventilation.  This  log  pile  will  burn  considerably  faster 
than  the  first  one  because  the  combustion  rate  is  less  dependent 
on  conduction.  The  surface  area  was  more  than  doubled  by  the 
splitting,  so  that  convection  and  radiation  are  correspondingly 
increased  in  the  preheating  effects.  The  burning  surface  is  also 
increased  by  the  same  amount. 

Assum.e  that  the  splitting  action  is  continued  indefinitely  until 
the  logs  are  in  an  excelsior  state  and  occupy  a  volume  30  or  40 
times  as  great  as  in  their  original  form.  Convective  and  radiative 
heat  transfer  will  be  increased  tremendously  in  the  spaces 
I  throughout  the  whole  fuel  volume,  and  the  combustion  rate  might 
I  be  increased  to  a  point  where  the  fuel  could  be  consumed  in  a  few 
i  minutes  instead  of  hours. 

The  effect  of  fuel  arrangement  can  be  visualized  if  a  volume 
of  excelsiorlike  fuel,  such  as  that  just  described,  is  compressed 
until  it  occupies  a  volume  only  4  or  5  times  that  of  the  original 
volume  of  logs.  The  total  burning  surface  and  radiative  conditions 
remain  the  same  as  before  compression,  but  both  convective  heat 
exchange  and  oxygen  supply  are  greatly  reduced.  There  will  be  a 
corresponding  decrease  in  fire  intensity. 

Fuel  size  and  fuel  arrangement  have  their  greatest  effect  on 
the  low^er  intensity  fires  and  in  the  initial  stages  of  the  buildup 
of  a  major  fire.  When  a  fire  reaches  conflagration  proportions,  the 
effect  on  fire  behavior  of  factors  such  as  ignition  probability  and 
quantity  of  firebrand  material  available  for  spotting  may  be 
greater'  than  the  effect  of  fuel  size  and  arrangement.  This  point 
will  be  discussed  in  the  section  on  applications  to  fire  behavior. 

The  fire  triangle 

The  principles  of  combustion  may  be  summarized  in  an  effec- 
tive way  by  means  of  the  fire  triangle.  This  triangle  neatly  ties 
|together  not  only  the  principles  of  combustion  but  illustrates  their 
application  as  well.  The  three  sides  of  the  triangle  are  FUEL, 
OXYGEN,  and  HEAT.  In  the  absence  of  any  one  of  these  three 
sides,  combustion  cannot  take  place.  The  fire  triangle  represents 
the  basic  link  in  the  chain  reaction  of  combustion  (fig.  1).  Remov- 
ing any  one  or  more  sides  of  the  triangle  breaks  or  destroys  the 
chain.  Weakening  any  one  or  more  sides  weakens  the  chain  and 
^diminishes  fire  intensity  correspondingly.  The  purpose  of  all  fire 
suppression  efforts  is  to  remove  or  weaken  directly  or  indirectly 
one  or  more  sides  of  the  fire  triangle.  Conversely,  all  conditions 
that  increase  fire  intensity  operate  in  such  a  way  as  to  greatly  in- 
crease or  strengthen  the  sides  of  the  triangle  and,  hence,  the  chain 
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P'iGURE    1. — The    fire    triangle    is    the    basic   link   in    the   chain    reaction    o 

combustion. 

reaction  of  combustion.  In  a  blowup  fire  the  chain  becomes  s( 
strong  that  it  cannot  be  broken  by  the  efforts  of  man.  This  mean{: 
that  when  blowup  conditions  exist,  the  only  opportunity  to  breal 
the  chain  is  by  early  strong  initial  attack. 

Application  to  fire  behavior 

It  is  more  difficult  to  apply  our  knowledge  of  ignition  an( 
combustion  to  the  behavior  of  very  high-intensity  fires,  sometime; 
referred  to  as  conflagrations  or  "blowups,"  than  to  the  behavio: 
of  the  more  frequent  low-intensity  fires.  The  ordinary  fire  behave, 
for  the  most  part  as  one  would  expect  from  the  principles  o 
combustion.  In  a  conflagration  or  blowup,  however,  the  sides  o 
the  fire  triangle  are  greatly  strengthened  by  factors  that  ari 
absent,  or  nearly  so,  in  small  fires.  Although  these  factors  worl 
through  the  basic  combustion  principles,  they  so  greatly  modif; 
the  expected  effects  of  the  basic  processes  that  a  high-intensit; 
erratic  fire  cannot  be  considered  as  a  large-scale  model  of  , 
low-intensity   fire.    This    is   best   illustrated   by   considering  th 
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spatial  structure  of  the  two  types  of  fires.  The  height  of  the  sig- 
nificant vertical  structure  of  a  low-intensity  fire  can  usually  be 
expressed  in  tens  of  feet.  This  distance  is  usually  small  compared 
to  the  surface  dimensions  of  the  burning  area,  so  that  in  a 
physical  sense  the  fire  is  "thin"  or  2-dimensional  as  far  as  volume 
structure  is  concerned.  On  the  other  hand,  the  significant  vertical 
structure  of  a  well-developed  conflagration  may  extend  thousands 
of  feet  into  the  air,  and  this  dimension  may  at  times  exceed  the 
surface  dimensions  of  the  burning  area. 

The  height  that  smoke  rises  above,  or  in  the  neighborhood  of, 
a  fire  is  not  always  a  true  indicator  of  the  height  of  the  active 
convection  column  above  a  fire.  Smoke  from  a  small  fire  may 
reach  a  height  of  1,000  feet  or  more,  but  active  convection  may 
reach  only  a  few  percent  of  this  height. - 

It  is  the  3-dimensional  structure  of  a  large  fire  that  causes  it 
to  take  on  storm  characteristics  which,  in  turn,  produce  behavior 
phenomena  that  one  could  not  expect  by  scaling  upwards  the  be- 
havior of  a  low-intensity  fire.  However,  this  does  not  mean  that 
scale-model  fires,  including  small  fires  in  the  laboratory  under  con- 
trolled conditions,  would  not  be  useful  in  preliminary  convection 
column  studies.  Probably  experimental  work  on  convection  column 
properties  should  be  started  first  on  small  scale  fires.  Such  work 
might  give  essential  fundamental  information  on  the  relation  be- 
tween the  variables  controlling  the  convection  process. 

Certain  properties  of  the  atmosphere,  such  as  the  vertical 
wind  profile  and  to  a  lesser  extent  the  vertical  temperature  profile, 
appear  to  be  the  controlling  factors  in  extreme  fire  behavior  if  an 
extensive  area  of  plentiful  dry  fuel  exists.  A  discussion  of  the 
atmospheric  factors  is  outside  the  scope  of  this  paper,  but  it  may 
)e  well  to  examine  in  some  detail  those  phases  of  the  combustion 
3rccess  that  permit  the  atmospheric  factors  to  exert  their  maxi- 
num  eflfect. 

Fire  behavior  is  an  energy  phenomenon  and  its  relation  to  the 
combustion  process  can  be  understood  by  the  use  of  four  basic 
fuel  factors  relating  to  energy.  These  are  (1)  combustion  period, 
!(2)  critical  burn-out  time,  (3)  available  fuel  energy,  and  (4) 
cotal  fuel  energy.  This  last  factor  is  constant,  or  nearly  so,  for 
^ny  given  quantity  of  fuel  per  acre.  The  first  three  are  variables 
A'hich,  even  for  any  homogeneous  component  in  a  given  fuel  type, 
[lepend  on  factors  such  as  fuel  moisture  content  and  fire  intensity. 
[i  fifth  fuel  factor,  the  quantity  of  firebrand  material  available 
[or  spotting,  is  more  or  less  independent  of  the  other  four  and 
vill  be  treated  separately. 

The  combustion  period  may  be  defined  as  the  time  required 
3  [or  a  fuel  to  burn  up  completely,  and  depends  primarily  on  fuel 
Q|ize,  fuel  arrangement,  fire  intensity,  and  fuel  moisture.  It  may 
i'([ange  from  a  few  seconds  for  thin  grass  blades  to  several  hours 
[.{[r  longer  for  logs  and  heavy  limbs.  Critical  burn-out  time  is  de- 
fj  ined  as  the  maximum  length  of  time  that  a  fuel  can  burn  and 

'_  -Although  it  is  too  involved  to  discuss  in  a  paper  on  combustion,  the  height 
f  the  convection  zone  depends  on  the  rate  of  heat  output  of  the  fire,  the 
« rind  speed,  the  vertical  wind  shear,  and  the  stability  of  the  atmosphere. 
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still  be  able  to  feed  its  energy  into  the  base  of  the  forward 
traveling  convection  column;  its  magnitude  depends  primarily 
on  fire  intensity  or  the  rate  of  a  fire's  energy  output.  The  avail- 
able fuel  energy  is  that  part  of  the  total  fuel  energy  which  is  fed 
into  the  base  of  the  convection  column.  For  fuels  with  a  com- 
bustion period  equal  to  or  less  than  the  critical  burn-out  time, 
the  available  fuel  energy  is  equal  to  the  total  fuel  energy.  If  the 
combustion  period  is  longer  than  the  critical  burn-out  time,  then 
the  available  fuel  energy  is  less  than  the  total  fuel  energy.  Total 
fuel  energy  is  determined  by  the  quantity  of  fuel  per  acre  and 
the  combustion  efl^iciency.  If  the  combustion  eflficiency  is  assumed 
to  be  constant,  the  terms  ''available  fuel  energy"  and  ''total  fuel 
energy"  can  be  replaced  by  the  terms  "available  fuel"  and  "total 
fuel." 

An  example  will  illustrate  how  fire  behavior  relates  to  the  four 
preceding  quantities.   Consider  a  fire  spreading  in  an  area  of 
plentiful  heterogeneous  fuel,  a  considerable  part  of  which  is  in  the 
form  of  flammable  logs  and  heavy  slash  and  the  rest  a  mixture 
of  smaller  material  such  as  twigs,  pine  needles,  and  grass.  Assume 
that  the  critical  burn-out  time  is  about  20  minutes.  Those  fuel! 
components  with  a  combustion  period  less  than  20  minutes  willi 
have  an  available  fuel  energy  equal  to  their  total  fuel  energy, 
However,   logs  and  heavy  limbs  may  require  several  hours  tc 
burn  out,  so  their  available  energy  may  be  comparatively  low 
they  could  still  be  burning  after  the  fire  had  moved  several  miles  , 
so  would  not  be  affecting  the  behavior  of  the  fire  front.'  From  th^e 
standpoint  of  fire  behavior,  a  crown  fire  in  a  dense  conifer  stanoj 
could  have  more  available  fuel  energy  than  a  fire  in  an  area  oJi 
heavy  logging  slash.  However,  unless  large  portions  of  a  hetero 
geneous  fuel  have  very  long  combustion  periods,  fuel  size  anc 
fuel  arrangement  should  not  have  as  much  influence  on  the  be 
havior  of  major  fires  as  on  smaller  fires.  In  a  major  fire  a  large] f 
proportion  of  the  heavier  fuels  take  on  the  characteristics  o:  I 
flash  fuels.  This  is  a  combined  result  of  the  shorter  combustioi 
periods  and  longer  critical  burn-out  times  for  the  high-intensit: 
fires.    Nevertheless,   fuel   size   and   fuel   arrangement  contribute 
heavily  to  the  rate  of  buildup  of  fire  intensity,  especially  in  th 
early  stages,   and  are  therefore  an   important  part  of  the  fir 
behavior  picture. 

Much  of  the  eflfect  of  fuel  moisture  can  be  interpreted  i:i 
terms  of  the  four  basic  fuel  factors.  Because  moisture  decrease 
the  combustion  rate,  it  increases  the  length  of  the  combustioi 
period.  This,  in  turn,  means  that  a  smaller  fraction  of  a  heterc 
geneous  fuel  will  have  a  combustion  period  less  than  the  critics 
burn-out  time.  The  available  fuel  energy  and  fire  intensity  wil 
therefore,  drop  as  fuel  moisture  increases.  For  most  fires  thei; 
are  some  fuel  components  which  do  not  burn  because  of  thei 
high  moisture  content ;  in  other  words,  these  components  may  1: 
regarded  as  having  infinitely  long  combustion  periods. 


ai 


'Heat  sources  a  considerable  distance  behind  the  main  flame  front  cou 
possibly  have  indirect  eff'ects  on  fire  behavior  by  slightly  modifying  tl 
structure  of  the  wind  field. 
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An  increase  in  fire  intensity  can  greatly  reduce  the  combustion 
period  for  those  fuel  components  with  the  higher  moisture  con- 
tents. For  some  components  the  combustion  period  might  be  in- 
finite for  a  low-intensity  fire,  but  perhaps  only  a  few  minutes,  or 
even  less,  for  a  high-intensity  fire.  For  example,  in  the  high- 
intensity  Brasstown  fire  on  March  30,  1953,  in  South  Carolina, 
as  well  as  in  other  large  fires  in  the  Southeast  in  the  last  few 
years,  green  brush  often  burned  leaving  blunt  pointed  stubs.  In  a 
similar  manner  a  reduction  of  the  combustion  period  from  infinity 
to  a  few  seconds  for  green  conifer  needles  takes  place  when  a  fire 
crowns. 

The  fifth  fuel  factor,  the  quantity  of  firebrand  material  avail- 
able for  spotting,  becomes  increasingly  important  as  fire  intensity 
increases.  Equally  important  is  the  relation  between  surface  fuel 
moisture  and  the  probability  of  ignition  from  embers  or  firebrands 
dropped  from  the  air.  This  relation  has  not  as  yet  been  determined 
experimentally,  but  ignition  probability  increases  rapidly  with 
decreasing  fuel  moisture — hence  with  decreasing  relative  humid- 
ity. We  know  that  the  ignition  probability  for  most  firebrands  is 
essentially  zero  when  fuel  moisture  is  25  or  30  percent  (on  an 
oven-dry  weight  basis).  We  also  know  that  not  only  ignition 
probability  but  combustion  rate  as  well  is  greatest  for  oven-dry 
material.  In  addition,  both  of  these  phenomena  in  the  lower 
moisture  content  range  appear  to  be  considerably  affected  by  a 
|Change  of  fuel  moisture  content  of  only  a  few  percent. 
!  The  importance  of  the  relation  between  fuel  moisture  and 
lignition  probability  in  the  behavior  of  large  fires  can  be  illus- 
itrated  by  a  hypothetical  example.  Suppose  that  from  the  convection 
column  over  a  large  fire,  10,000  embers  per  square  mile  per  minute 
jare  dropping  in  front  of  the  fire.  Suppose  that  the  surface  fuel 
jmoisture  content  is  such  that  only  0.1  percent  of  these  firebrands 
catch  and  produce  spot  fires,  thus  giving  only  10  spot  fires  per 
square  mile.  On  the  other  hand,  if  w^e  assume  that  the  surface 
fuel  moisture  is  low  enough  for  5  percent  of  the  embers  to  catch, 
.ithen  there  would  be  500  spot  fires  per  square  mile.  As  they  burn 
together,  these  spot  fires  would  greatly  increase  the  rate  of  spread 
and  intensity  of  the  main  fire.  Thus,  relative  humidity  (working 
through  fuel  moisture)  has  a  2-fold  effect  on  rate  of  spread 
in  certain  types  of  extreme  fire  behavior.  First  is  the  effect  on  fuel 
combustion  rate  and  rate  of  spread  of  the  ordinary  flame  front. 
This  effect  would  be  present  on  small  and  large  fires  alike.  Second 
is  the  effect  in  accelerating  rate  of  spread  and  fire  intensity  by 
increasing  the  probability  of  ignition  from  falling  embers.  This 
latter  effect  w^ould  be  present  only  on  fires  where  spotting  was 
Abundant.  Ignition  probability  will  also  depend  on  other  factors, 
;uch  as  the  nature  of  the  surface  fuel  in  which  firebrands  fall 
'md  the  fraction  of  the  ground  area  covered  by  the  fuels. 

Fuel  characteristics  that  make  plentiful  and  efficient  firebrands 

ire  not  definitely  know^n.  The  material  would  have  to  be  light 

mough  to  be  carried  aloft  in  updrafts,  yet  capable  of  burning  for 

:  several  minutes  while  being  carried  forward  by  the  upper  winds. 

decayed  punky  material,  charcoal,  bark,  clumps  of  dry  duff,  and 
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dry  moss  are  probably  efficient  firebrands.  Leaves  and  grass  are 
more  likely  to  be  inefficient  firebrands  except  over  short  distances. 

The  initial  phases  of  the  blowup  phenomenon  are  directly 
related  to  the  combustion  process  and  the  basic  fuel  factors.  A 
decreasing  fuel  moisture  means  higher  combustion  rates  and 
shorter  combustion  periods.  There  will,  therefore,  be  an  increase 
in  the  available  fuel  energy,  or  available  fuel,  accompanied  by  an 
increase  in  fire  intensity.  The  increase  in  fire  intensity  lengthens 
the  critical  burn-out  time  which  means  a  further  increase  in 
available  fuel.  A  cycle  of  reinforcement  is  thus  established  which 
favors  growth  of  fire  intensity.  As  the  intensity  increases,  the 
atmospheric  factors  become  increasingly  important.  It  is  at  this 
stage  that  spotting  and  ignition  probability  may  become  dominani 
fire  behavior  factors. 

By  using  the  basic  fuel  factors  it  is  possible  that  a  fuel  classifi- 
cation method  could  be  developed  to  classify  fuel  in  terms  oJ 
expected  fire  behavior.  It  would  first  require  a  series  of  burning: 
experiments  to  measure  some  of  the  factors  and  their  response  to 
variables  such  as  moisture  content  and  fire  intensity.  However 
once  this   was   done,   the   classification   system   itself  might   b( 
comparatively  simple.  Probably  its  greatest  value  would  be  in  esti 
mating  the  conflagration  potential  of  different  fuel  and  covei 
types  for  different  combinations  of  weather  conditions. 

There  is  an  important  difference  in  the  energy  conversioi 
process  for  a  low-intensity  fire  and  a  high-intensity  fire.  In  th<it 
**thin"  or  2-dimensional  fire,  most  of  the  energy  remains  in  th<i( 
form  of  heat.  At  the  most,  such  a  fire  cannot  convert  more  thair 
a  few  hundredths  of  one  percent  of  its  heat  energy  into  the  kinetiii 
energy  of  motion  of  the  updraft  gases  and  the  kinetic  energy  O) 
the  convection  column  eddies.^  On  the  other  hand,  a  major  com 
flagration  may  convert  5  percent  or  more  of  its  heat  energy  int ' 
kinetic  energy  which  appears  in  the  form  of  strong  turbulenj 
updrafts,    indrafts,   convection   column   eddies,   and   whirlwind 
which  can  carry  burning  material   aloft.   The  efficiency  of  th 
energy  conversion  process,  and  hence  the  kinetic  energy  yiek 
increases  rapidly  with  increasing  fire  intensity.  This  is  brough 
about  by  the  mutual  reinforcement  action  in  the  basic  fuel  factor 
plus  favorable  atmospheric  conditions. 

In  addition  to  the  difference  in  the  energy  conversion  pre 
cesses  in  the  two  types  of  fires,  there  is  an  enormous  differenc 
in  rate  of  energy  yield.  For  example,  there  were  periods  in  th 
Buckhead  fire  in  north  Florida  in  March  1956  when  the  rate  c 
spread  probably  exceeded  8,000  acres  per  hour.  The  rate  of  energ 
release  from  this  fire  would  compare  favorably  with  the  rate  ( 
energy  release  from  a  summer  thunderstorm. 


^Although  a  detailed  discussion  is  outside  the  scope  of  this  paper,  enerj 
conversion  processes  in  a  fire  can  be  studied  by  a  thermodynamic  procedu 
in  which  a  large  fire,  like  a  thunderstorm,  can  be  treated  as  a  heat  engir 
The  efficiency  of  a  heat  engine  is  measured  by  the  fraction  of  heat  or  therm 
energy  that  can  be  converted  into  the  kinetic  energy  of  motion.  A  2-dime 
sional  fire  has  an  efficiency  as  a  heat  engine  that  is  very  nearly  zero  or,  at  tJ 
most,  only  a  few  hundredths  of  one  percent.  A  major  high-intensity  fire  h 
an  efficiency  as  a  heat  engine  that  may  reach  5  percent  or  more. 
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Summary 

Combustion  is  basically  a  chemical  chain  reaction  that  can  be 
divided  into  three  separate  phases:  (1)  Preheating  and  distilla- 
tion, (2)  distillation  and  the  burning  of  volatile  fractions,  and 
(3)  the  burning  of  the  residual  charcoal. 

For  a  forest  fuel,  ignition  is  the  link  between  phase  1  and 
phase  2  of  the  combustion  process. 

For  most  forest  fuels  the  heat  of  combustion  is  between  8,000 
and  9,000  B.t.u.'s  per  pound  on  a  dry  weight  basis. 

Heat  is  transferred  by  conduction,  convection,  and  radiation. 
A  fourth  means  of  heat  transfer  might  be  defined  as  mass  trans- 
port and  is  the  familiar  phenomenon  of  spotting,  which  becomes 
increasingly  important  on  high-intensity  fires. 

Fuel  moisture  has  more  effect  on  the  ignition  and  combustion 
process  than  any  other  factor. 

Low-intensity  fires  are  essentially  2-dimensional  phenomena, 
and  major  high-intensity  fires  3-dimensional.  The  third  dimension 
of  a  high-intensity  fire  permits  the  conversion  of  part  of  its  heat 
energy  into  the  kinetic  energy  of  motion,  which  changes  the 
relative  significance  of  the  various  combustion  factors  and  greatly 
modifies  their  expected  effects.  For  this  reason  a  high-intensity 
fire  cannot  be  regarded  as  a  magnified  version  of  a  low-intensity 
fire. 

The  relation  of  fire  behavior  to  the  combustion  process  can  be 
understood  by  the  use  of  a  group  of  basic  fuel  factors  which  are 
(1)  combustion  period,  (2)  critical  burn-out  time,  (3)  available 
fuel  energy,  (4)  total  fuel  energy,  and  (5)  quantity  of  material 
available  for  spotting.  Such  a  group  of  factors  might  be  used  to 
classify  fuels  in  terms  of  expected  fire  behavior. 

If  atmospheric  conditions  are  such  that  one  or  more  strong 
convection  columns  can  form,  the  following  appear  to  be  the 
main  combustion  factors  that  determine  the  intensity  and  rate 
of  spread  of  a  major  fire : 

1.  The  quantity  of  available  fuel  energy,  or  available  fuel, 
per  acre.  The  magnitude  of  this  quantity  depends  on  a  reinforcing 
relationship  between  the  basic  fuel  factors.  In  turn,  this  relation- 
ship is  regulated  primarily  by  fuel  size  and  arrangement,  fuel 
moisture,  and  the  intensity  of  the  fire  itself. 

2.  Quantity  of  firebrand  material  per  acre  available  for 
spotting. 

3.  Probability  of  ignition  from  firebrands  dropping  ahead  of 
the  main  burning  area.  This  probability  depends  on  several 
factors,  the  most  important  of  which  is  the  prevailing  relative 
humidity  determining  the  surface  fuel  moisture. 


A  FUEL-MOISTURE  STICK  WICKET  OF  NEW 

DESIGN  FOR  USE  AT  OPEN-TYPE  FIRE 

DANGER  STATIONS 

Theodore  G.  Storey 
Forester,  Southeastern  Forest  Experiment  Station 

Better  equipment  design  is  one  way  to  improve  the  accuracy 
of  records  taken  at  the  hundreds  of  open-type  fire  danger  stations 
now  in  operation  in  the  East  and  South. 

In  this  connection,  the  fuel-moisture  stick  wicket  illustrated  in 
figure  1  offers  several  improvements  over  the  one  described  in 
Technical  Note  71.^  These  improvements  are:  (a)  the  upper  pro- 
jections of  the  frame  support  the  layers  of  screen  at  a  uniform  4 
inches  above  the  sticks;    (b)    the  lower  cross  members  of  the 

<^~  SCREEN   SUPPORTED  4"AB0VE  STICKS 
i_ TO  PREVENT   SAGGING 


Figure  1. 

frame  rest  on  the  surface  of  the  ground,  minimizing  penetration, 
and  support  the  sticks  at  a  uniform  8  inches  above  the  litter  and 
12  inches  above  the  ground;  and  (c)  the  individual  slots  at  each 
end  of  the  wicket  provide  positive  positioning  of  the  sticks  with 
respect  to  the  screens,  litter,  and  each  other. 

The  Southeastern  Forest  Experiment  Station  recommends  that 
the  new  wicket  be  used  as  new  danger  stations  are  installed  or  old 
stations  rebuilt. 


^Lindenmuth,  A.  W.,  Jr.,  and  Keetch,  J.  J.  Open  method  for  measuring  fire 
danger  in  hardwood  forests.  U.  S.  Forest  Serv.,  Southeastern  Forest  Expt. 
Sta.  Tech.  Note  71.  March  1949. 
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FIRE  PREVENTION  EXHIBIT  BY  THE  SHAWNEE 

J.  W.  Jay 

District  Ranger,  Shawnee  National  Forest 

Many  opportunities  to  present  fire  prevention  exhibits  at  fairs 
and  other  celebrations  are  passed  up  because  of  the  extra  work 
and  expense.  But  at  approximately  4-year  intervals,  we  are  able 
to  find  the  time  and  money  to  plan  and  set  up  an  exhibit.  To 
lessen  the  work  entailed  in  such  planning,  a  description  of  an 
exhibit  held  at  the  Jonesboro  Lincoln-Douglas  Homecoming  Festi- 
val, August  8-11,  1956,  may  prove  helpful. 

Fire  prevention  was  the  main  objective,  but  prevention  cannot 
be  separated  from  management  of  forest  resources,  especially 
timber  and  water.  An  attempt  was  made  to  show  the  economic 
importance  of  these  resources  to  southern  Illinois  and  to  point 
out  the  value  of  protection  to  the  lumber  industry. 

The  festival  was  held  outdoors ;  therefore,  the  kind  of  material 
that  could  be  used  was  limited.  Two  tents,  14  by  16  feet  and  14  by 
14  feet,  were  borrowed  from  the  Nicolet  National  Forest  in  Wis- 
consin. A  Smokey  Bear  costume  and  photographs  for  a  tree  iden- 
tification quiz  were  obtained  from  the  Forest  Service  Regional 
Office  in  Milwaukee.  Boy  Scout  Troop  44  of  Anna,  111.,  accepted 
duty  at  the  exhibit  as  participation  in  a  conservation  project.  In 
teams  of  two  the  Scouts  explained  the  exhibits  and  contests  and 
guarded  the  display  both  day  and  night. 

Believing  that  people  like  both  to  compete  and  win,  we 
worked  up  four  simple  contests  and  a  volume-guessing  contest. 
These  games  were  *'bait"  to  get  people  thinking  about  timber  and 
fire.  For  the  winning  contestants,  local  merchants  contributed 
16  prizes,  such  as  a  double-bitted  ax,  an  electric  clock,  and  a  card 
for  12  grease  jobs. 

More  than  90  feet  of  space  along  the  midway  of  the  festival 
was  used.  At  the  left  end  of  our  space  a  jeep-tanker  and  tractor- 
plow  unit  were  parked.  Next  to  the  plow  unit,  but  out  in  front, 
,was  the  flag  on  a  15-foot  staff.  Next,  we  erected  the  14-  by  16-foot 
itent  containing:  (1)  a  small  3-foot  table  with  quiz  sheets;  (2) 
two  wood  sections  for  the  age-of-tree  contest,  one  51  years  old 
from  a  managed  forest  and  the  other  102  years  old  from  an  un- 
managed  forest  (people  registered  and  guessed  the  difference  in 
age  of  the  two  sections)  ;  (3)  a  4-foot  showcase  containing  prizes 
to  be  awarded  the  contest  winners;  (4)  pictures  on  a  4-  by  8-foot 
panel  for  the  tree  identification  contest.  Outside  this  tent  the 
nail-driving  contest  for  ladies  took  place.  Each  contestant  regis- 
1  tered  and  recorded  the  number  of  blows  necessary  to  drive  a  nail 
into  a  wood  block. 

In  the  second  tent  we  displayed  on  one  side  a  4-  by  8-foot 

:  panel  of  forester's  tools  with  3-  by  5-inch  signs  for  each  tool  and 

m  the  opposite  side  a  similar  panel  of  fire-fighter's  tools.  Between 

bhe  panels  a  30-  by  70-inch  table  held  a  picture  panel  and  sample 
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bulletins.  Postal  cards  were  available  for  ordering  bulletins,  but 
no  material  was  handed  out.  In  front  and  to  the  right  of  this 
tent  a  tripod  held  a  panel  on  which  hung  2-  by  3-foot  lire  preven- 
tion posters.  Between  the  two  tents,  but  out  in  front,  was  a  forest 
entrance  portal  sign. 

Next,  we  decked  16-foot  pine  logs,  cut  from  an  18-year-old 
plantation  and  selected  for  uniform  size  of  12-inch  butts,  to  be 
used  in  a  chopping  contest.  The  chopping  contest  with  seven 
participants  was  held  on  Friday  night  in  the  area  next  to  the  log 
deck  (fig.  1). 

So  that  visitors  might  know  there  was  to  be  such  a  contest,  a 
sign  on  a  post  indicated  where  and  when  it  would  be  held  and 
how  to  register  for  it.  Through  a  portable  public  address  system 
the  chopping  was  described;  the  growing  of  trees  as  a  crop  and 
how  protection  contributes  to  rapid  growth  was  also  explained. 

To  the  right  of  the  chopping  area  was  stacked  a  deck  of 
common  native  hardwood  logs.  Visitors  seemed  interested  in  the 
kinds  of  wood  grown  in  the  area  and  in  the  marked  differences 
between  the  species. 

At  the  end  of  our  area  we  parked  a  log  truck  loaded  with 
mixed  logs.  Contestants  registered  and  guessed  the  volume  in 
board-feet.  Here,  too,  a  sign  announced  the  volume-guessing  con- 


FiGURE  1. — Chopping  contestant  attracts  interest.  Sign  holds  announceme 

and  lists  rules. 
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test  and  stated  that  19  similar  loads  were  hauled  each  workdaj^ 
from  national-forest  land  on  the  Jonesboro  District  in  1955. 

On  Saturday  night  a  tie-hewing  demonstration  was  given. 
Two  men  each  made  a  tie.  Again  the  public  address  system  was 
used  to  describe  the  life  of  a  tie-hack  and  to  tell  something  of  the 
history  of  logging  in  southern  Illinois  and  the  progress  made  since 
tie-hacking  days. 

Hand-printed  signs  described  each  display.  Such  signs  also 
stated  the  rules  of  each  contest.  Smokey  Bear  appeared  every 
evening,  strolled  through  the  crowd,  shook  hands  with  the  children 
(fig.  2),  greeted  parents  with  remarks  on  forest  management,  or 
drove  the  tractor  forward  and  back  in  front  of  the  tents.  On 
Wednesday,  Smokey  rode  the  jeep  in  the  parade.  Smokey  always 
attracted  a  crovv'd.  (Construction  hint — costume  should  be  air- 
conditioned.) 


Figure  2. — Smokey  does  his  part. 


There  was  good  press  coverage  during  the  festival.  Pictures 
of  Smokey  and  of  the  chopping  contestants  appeared  in  the  local 
papers.  The  entire  layout  cost  approximately  $300  in  materials, 
freight,  and  time  of  regular  personnel.  It  was  well  worth  the 
cost.  Everybody  had  fun,  and  young  and  old  were  educated  in 
J*  fire  prevention. 


SIMPLIFIED  METHOD  OF  TEACHING 
USE  OF  COMPASS 

Donald  W.  Lynch 

Leader,  Boise  Research  Center,  Intermountain  Forest 

and  Range  Experiment  Station 

Teaching  the  use  of  the  Forest  Service  compass  to  a  group  of 
prospective  smokechasers  and  lookouts  is  often  a  tedious  and 
time-consuming  job.  The  students  are  invariably  confused  by  the 
fact  that  the  azimuth  circle  is  reversed  on  the  compass,  and  the 
''E"  and  'W  are  interchanged.  It  is  difficult  to  put  across  the 
idea  that  the  needle  is  actually  a  stationary  point  of  reference 
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PLAN   VIEW 


SIDE  VIEW 


DETAILS  OF  NEEDLE  ASSEMBL 


Figure  1. — The  "compass"  showing  alidade  positioned  for  an  east  declinatio 

and  details  of  the  needle  assesmbly. 
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when  allowed  to  come  to  rest,  and  that  its  purpose  is  to  show  the 
direction  in  which  the  alidade  is  pointed. 

A  device  found  effective  in  demonstrating  the  principle  of  the 
compass  and  valuable  for  group  instruction  was  built  by  the 
writer  while  an  assistant  ranger  on  the  Kaniksu  National  Forest. 
It  can  be  constructed  by  making  a  circular  dial  from  a  piece  of 
plywood  approximately  2  feet  in  diameter  with  the  azimuth  circle 
printed  around  the  edge  in  a  counterclockwise  direction  (fig.  1). 
The  size  of  the  dial  is  not  important,  but  it  should  be  large  enough 
for  visibility  in  group  participation.  Place  alidade  bars  at  the 
north  and  south  points  with  the  hair  to  the  north  as  usual  and 
with  correction  for  declination.  The  alidade  can  be  homemade  or 
salvaged  from  an  old-style  bar  alidade. 

Bore  a  -Jjpinch  hole  in  the  center  of  the  plywood  board  and 
mount  the  board  on  top  of  a  short  post  by  means  of  a  i/^-inch  iron 
pin  through  the  hole  and  into  the  top  of  the  post.  The  board  should 
be  free  to  rotate.  Rigidly  attach  a  compass  "needle"  of  wood  con- 
struction on  top  of  the  pin  by  means  of  two  nuts,  and  orient  it 
toward  magnetic  north.  The  needle  must  he  stationarji  and  the 
board  allowed  to  rotate  under  it. 

Now,  as  the  "compass"  is  turned  in  any  direction,  the  north 
end  of  the  needle  will  point  to  the  azimuth  reading  appropriate 
to  the  direction  of  the  alidade.  With  this  model  compass  it  is 
simple  to  explain  that  the  needle  is  always  stationary  and  merely 
provides  the  reading  for  the  alidade.  It  becomes  obvious  to  the 
students  why  the  azimuth  dial  must  be  reversed  because  as  the 
compass  is  turned  to  the  west,  for  example,  the  needle,  although 
stationary,  appears  to  move  to  the  east. 

This  model  also  makes  the  significance  of  the  magnetic  decli- 
nation easily  understood.  When  the  compass  is  turned  to  a  position 
where  the  needle  points  to  zero,  the  alidade  is  oriented  to  true 
north. 


THREE  BIG  E'S  IN  FIRE  PREVENTION 

R.  J.  RiEBOLD 

Forest  Supervisor,  South  Carolina  National  Forests 

In  1955,  incendiarism  was  responsible  for  more  fires  in  the 
United  States  than  any  other  cause  (29.4  percent) .  Next  in  num- 
ber of  fires  were  debris  burning  (23.2  percent)  and  smokers  (18.1 
percent).  Sixty-five  percent  of  all  fires  occurred  in  the  11  States 
of  the  South.  In  fact,  88.2  percent  of  all  incendiary  fires  were  in 
the  South.  To  narrow  the  field  further,  6  States — ^South  Carolina, 
Georgia,  Florida,  Alabama,  Mississippi,  and  Louisiana — ^accounted 
for  76.3  percent  of  the  Nation's  incendiary  fires.  Analysis  of 
county  records  shows  that  in  these  States  the  principal  incendiary 
area  is  in  the  Coastal  Plain  counties.  In  South  Carolina,  for 
example,  the  21  Coastal  Plain  counties  accounted  for  86.4  percent 
of  the  2,600  incendiary  fires  in  the  State's  46  counties  during  fiscal 
year  1955. 

Incendiarism  is,  therefore,  a  special  fire  problem  in  the  six 
Coastal  Plain  States.  This  area,  important  to  the  growing  of 
longleaf,  slash,  and  loblolly  pines,  is  one  in  which  prescribed 
burning  is  being  or  can  be  used  for  silvicultural  purposes,  disease 
control,  and  fuel  reduction. 

Although  incendiarism  is  the  No.  1  cause,  fire  prevention  edu- 
cational  campaigns  have  scarcely  mentioned  the  word   ''incen- 
diary." By  poster,  platter,  pamphlet,  and  other  means  the  educa- 
tional efforts  have  been  directed  against  the  second  and  thirdl 
causes,  debris  burning  and  smoking.  The  principal  lines  of  appeall 
have  been   (1)  to  urge  the  exercise  of  care  and  (2)  to  convey  ann 
appreciation  of  the  values  destroyed  or  damaged  by  fires.  Both  off 
these  appeals  are  good,  but  they  do  little  toward  fostering  an  anti- 
incendiary  attitude  of  the  general  public  who  do  not  set  fires 
Many  people  are  amazed  to  learn  that  any  fires  are  set  intention- 
ally. There  are  those  who  believe  that  the  answer  to  incendiarisn 
is  law  enforcement.  The  thought  is  often  expressed  that  althous:! 
education  can  reach  children  and  reasonable-minded  adults,  th( 
incorrigible  woods  burners  must  be  restrained. 

When  law  enforcement  is  directed  against  incendiarism,  i 
encounters  problems  peculiar  to  incendiarism  as  a  crime.  Usualh 
there  is  no  eye  witness  to  the  act  and  little  or  no  evidence  is  lef 
for  laboratory  analysis.  Often  the  best  that  can  be  done  is  a  cir 
cumstantial  case  indicating  but  not  proving  guilt.  Even  witnesse, 
to  circumstantial  evidence  are  not  easily  found  because  they  ar< 
reluctant  to  testify.  In  the  incendiary  belt,  setting  fire  to  othe: 
people's  woods  is  not  regarded  as  a  crime.  Testifying  against  one' 
neighbor  on  such  a  matter  is  an  unfriendly  act.  In  the  face  of  sue! 
an  attitude,  law  enforcement  can  hardly  succeed.  The  effort  t 
create  an  anti-incendiary  attitude  on  the  part  of  most  of  th 
people  and  thereby  put  them  on  the  side  of  law  enforcement  ha 
not  profited  much  by  the  educational  campaigns. 
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Some  people  think  of  education  and  law  enforcement  as  alter- 
native courses,  either  one  of  which  may  be  followed.  Education 
and  enforcement  are  not  alternatives ;  they  are  partners.  Preven- 
tion of  incendiary  fires  might  well  borrow  the  three  E's  of  traffic 
safety — Education,  Enforcement,  and  Engineering.  Each  of  these 
is  a  part  of  the  program  which  needs  all  three  to  succeed. 

In  following  the  idea  of  a  program  similar  to  that  for  high- 
way safety  under  the  three  E's,  let  us  consider  Enforcement  first. 
Just  as  the  States  have  adopted  adequate  highway  safety  laws,  so 
the  States  must  have  adequate  forest  fire  laws.  A  necessary  step 
would  be  to  class  incendiarism  as  a  felony  tried  in  the  superior 
courts,  rather  than  a  misdemeanor  tried  by  magistrates.  Also, 
just  as  the  States  have  created  highway  patrol  forces,  they  should 
appoint  officers  to  enforce  the  fire  laws.  All  fire-control  organiza- 
tions find  it  manifestly  impossible  for  the  same  personnel  to 
handle  suppression  of  large  numbers  of  incendiary  fires  and  also 
to  consistently  accomplish  investigation.  The  job  is  even  more 
impossible  for  those  who,  in  addition,  are  responsible  for  heavy 
programs  of  resource  management. 

Fire  law  enforcement  officers  should  have  no  responsibility 
for  fire  suppression  action.  The  number  of  officers  might  be  rela- 
tively small  but  provision  should  be  made  for  their  reenforcement 
during  ''rush  seasons."  Assistance  in  investigations,  patrolling 
special  areas,  and  surveillance  of  suspects  might  be  given  by 
sheriff's  deputies,  county  police,  game  wardens,  and  highway 
patrolmen. 

When  not  engaged  in  investigation,  fire  law  enforcement  offi- 
cers should  spend  most  of  their  time  on  Education.  They  must 
instill  in  the  general  non-fire-setting  public  the  idea  that  setting 
fire  to  other  people's  woodlands  is  a  crime.  Then,  they  must  go 
further  and  help  create  a  militant  anti-incendiary  attitude  that 
will  lead  to  aggressive  cooperation  by  the  public.  Obviously,  the 
educational  work  necessary  to  swing  neighbors  into  giving  evi- 
dence in  incendiary  cases  would  have  to  be  directed  against  incen- 
diarism, not  against  other  causes. 

Law  enforcement  officers  should  work  with  individuals  and 
groups.  Ready  to  be  used  is  a  vast  field  of  educational  material. 
Also  available  are  the  innumerable  devices  that  the  educational 
and  advertising  experts  could  create  if  their  talents  were  directed 
against  incendiarism. 

To  Education  and  Enforcement  must  be  added  Engineering. 

There  are  measures  that  are  neither  education  nor  enforcement 

but  which  might  be  used  to  combat  incendiarism.  These  measures 

I  are  mostly  physical  actions  and  may  well  be  grouped  under  engi- 

j   neering.  In  a  recent  letter  to  American  Forests,  Professor  H.  H. 

i    Chapman  reminds  readers  that  prescribed  burning  could  play  a 

definite  part  against  incendiarism.  There  are  three  principal  ways 

in  which  prescribed  burning  could  be  used. 

1.  The  cause  or  reason  for  incendiarism  can  often  be  removed 
by  prescribed  burning.  Be  it  cattle  grazing,  turkey  hunting,  or  tick 
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eradication,  the  need  can  probably  be  served  better  by  a  i>re- 
scribed  burn  in  January  than  by  a  wildfire  in  March.  Under  some 
circumstances  post-logging  slash  burning  is  possible  and  prefer- 
able to  the  risk  of  wildfire.  Fuel  reduction  burns  in  some  areas 
might  be  increased  to  once  every  3  years. 

2.  The  incendiarists  can  be  denied  easy  access  to  roadsides  by 
burning  wide  firebreaks  on  both  sides  of  roads.  At  least,  the  incen- 
diarists could  not  flip  burning  matches  from  moving  cars  into  the 
woods.  They  would  be  compelled  to  stop,  get  out,  and  cross  the 
burned  strip  twice — all  of  which  increases  their  chances  of  detec- 
tion and  apprehension. 

3.  An  intensive  effort  should  be  directed  toward  breaking  up 
large  areas  into  better  patterns  of  prescribe-burn  blocks.  The 
improved  layout  would  make  it  more  difficult  for  incendiarists  to 
burn  large  areas  in  one  attempt.  The  incendiarist  who  wants  a 
large  area  burned — for  any  reason — might  be  forced  to  set  a 
dozen  fires  to  do  so,  each  time  increasing  his  chances  of  being 
apprehended. 

To  summarize,  it  is  evident  that  the  prevention  of  incendiary 
fires  is  a  matter  of  changing  people's  attitudes.  The  effort  to  do 
so  may  be  called  Education,  but  it  must  be  directed  against  incen- 
diarism, not  to  other  things.  Education  must  be  backed  by  En- 
forcement, because  there  are  incorrigible  woods  burners.  The 
enforcement  officers  should  also  work  at  education.  The  success 
of  their  enforcement  work  is  directly  affected  by  the  success  of 
their  educational  work.  The  physical  conditions  that  allow  incen- 
diarism to  thrive  can  be  greatly  improved  by  prescribed  burning,, 
which  is  here  called  Engineering.  The  three  measures^Education, 
Enforcement,  and  Engineering — might  do  as  much  for  prevention; 
of  incendiary  fires  as  they  have  done  for  highway  safety. 


USE  AND  EFFECTS  OF  FIRE  IN  SOUTHERN 

FORESTS:  ABSTRACTS  OF  PUBLICATIONS  BY  THE 

SOUTHERN  AND  SOUTHEASTERN  FOREST 

EXPERIMENT  STATIONS,  1921-55 

David  Bruce  and  Ralph  M.  Nelson 
Southern  and  Southeastern  Forest  Experiment  Stations 

Recent  catastrophic  forest  fires  in  the  South  have  intensified 
interest  in  the  damages  wrought  by  fire,  and  in  the  possibility  of 
using  fire  to  reduce  hazardous  accumulations  of  fuel.  The  expanded 
fire  prevention  campaign  that  was  begun  following  the  Southern 
Forest  Fire  Prevention  Conference  in  April  1956  has  stimulated 
a  demand  for  information  about  fire  effects.  The  steady  progress 
of  southern  forest  management  has  brought  new  calls  for  facts 
about  the  silvicultural  uses  of  fire,  and  about  the  effects  of  burn- 
ing on  forest  watersheds,  game  habitat,  and  forage. 

Since  their  establishment  in  1921  the  Southern  and  South- 
eastern Forest  Experiment  Stations  have  issued  many  publications 
on  these  subjects.  A  great  deal  of  this  material  is  now  out  of 
print  and  accessible  only  in  large  libraries.  These  abstracts  should 
make  possible  a  ready  review  of  the  publications  of  the  two 
Stations,  and  should  guide  the  selection  of  references  for  further 
reading. 

It  should  be  noted  that  the  abstracts  do  not  deal  with  fire 
behavior  or  control.  Nor  do  they  include  publications  by  agencies 
other  than  the  Southern  and  the  Southeastern  Forest  Experiment 
Stations.  Many  of  the  unreviewed  items  can  be  located  through 
the  literature  cited  in  K.  H.  Garren's  ''Effects  of  fire  on  vegetation 
of  the  southeastern  United  States,"  Bot.  Rev.  9:  617-654.  Others 
may  be  found  in  some  of  the  publications  abstracted  herein — 
specifically  the  lists  of  references  compiled  by  Miss  Helen  Boyd 
and  the  bibliography  in  W.  G.  Wahlenberg's  Longleaf  Pine. 

Abell,  M.  S. 

1932.    Much  heartrot  enters  white  oaks  through  fire  wounds. 
U.  S.  Forest  Serv.  Forest  Worker  8  (6)  :  10. 

Heartrot  caused  40  percent  cull  of  mature  white  oaks  cut  in  1930  in 
Virginia.  Rot  was  traced  directly  to  fire  scars  in  one-third  of  the  trees,  and 
fire  probably  caused  rot  in  most  of  the  badly  rotted  and  hollow  trees.  Scars 
indicated  30  different  fires  40  to  236  years  before  cutting. 

Arend,  J.  L. 

1941.    Infiltration   as   affected   by   the   forest   floor.     Soil   Sci. 
Soc.  Amer.  Proc.  6 :  430-435,  illus. 

A  study  in  the  Missouri  Ozarks  on  seven  soil  types  showed  that  infiltra- 
tion was  38  percent  lower  in  adequately  stocked  oak-hickory  stands  burned 
annually  than  in  similar  stands  protected  against  fire  and  grazing  for  5  or  6 
years.  Infiltration  was  59  percent  lower  on  heavily  grazed  unimproved  pas- 
ture than  on  protected  woods  soils,  and  33  percent  lower  on  pasture  than  on 
annually  burned  woods  soils.  Removal  of  L  -f  F  layers  did  not  reduce  infiltra- 
tion so  much  as  annual  burning. 
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1948.    Influences  on  redcedar  distribution  in  the  Ozarks.     U.  S. 

Forest  Serv.  South.  Forest  Expt.  Sta.  South.  Forestry 

Notes  58.     [Processed.] 
See  item  immediately  below. 


1950.  Influence  of  fire  and  soil  on  distribution  of  eastern  red- 
cedar  in  the  Ozarks.     Jour.  Forestry  48:  129-130. 

Redcedar  has  thin  bark  and  is  easily  killed  by  surface  fires  except  on 
rough  stony  land  where  vegetation  is  too  sparse  to  burn  readily.  With  fire 
protection,  redcedar  may  become  plentiful  on  better  sites. 

Barrett,  L.  I.,  and  Downs,  A.  A. 

1943.  Hardwood  invasion  in  pine  forests  of  the  Piedmont 
Plateau.     Jour.  Agr.  Res.  67:  111-128,  illus. 

In  burned  shortleaf  pine  stands,  understory  climax  hardwoods  were  pres- 
ent in  half  the  amounts  found  in  unburned  stands.  Understory  pine  reproduc- 
tion in  burned  shortleaf  stands  increased  markedly  with  advancing  age  of 
overstory.  Unburned  stands  showed  an  opposite  trend. 

Jemison,  G.  M.,  and  Keetch,  J.  J. 

1941.  A  method  for  appraising  forest  fire  damage  in  southern 
Appalachian  mountain  types.  Fire  Control  Notes  5 
(2)  :  101-105.  Also  in  U.  S.  Forest  Serv.  Appalachian, 
Forest  Expt.  Sta.  Tech.  Note  44,  13  pp.     [Processed.] 

The  study  was  based  on  150  random  ^A-acre  plots  on  41  burns  and  4  large,, 
permanent,  burned-over  experimental  plots  in  the  southern  Appalachians.. 
Elements  of  fire  damage  considered  were:  (1)  immediate  losses  resulting 
from  the  fire-killing  of  trees  of  sawlog  size,  (2)  delayed  losses  resulting  from 
cull,  (3)  lowered  future  sawtimber  volumes  caused  by  the  killing  of  trees 
under  saw-log  size,  (4)  reduced  growth  rate  of  some  surviving  trees.  A  table 
gives  average  damage  per  acre  in  dollars  by  fire  severity,  condition  class 
forest  type,  and  degree  of  stocking. 

Bickford,  C.  A. 

1942.  Cost  of  controlled  burning.     Jour.  Forestry  40:  973. 
The  cost  of  burning  depends  on  the  purpose  and  the  care  needed  to  do  th( 

job  on  any  particular  area. 


1942.    The  use  of  fire  in  the  flatwoods  of  the  Southeast.     Jour 
Forestry  40 :  132-133. 

Mentions  five  uses  of  fire  in  the  Southeast:  silviculture,  protection,  gam 
management,  grazing  management,  and  pest  control.  Discusses  protectiv 
burning  by  (1)  fuel  reduction,  and  (2)  creation  of  barriers.  Suggests  analysi 
of  benefits,  costs,  and  damage,  and  application  of  all  available  knowledge  t 
get  good  results 

and  Bruce,  D. 


1948.    Fire  and  longleaf  pine  reproduction.     South.  Lumberma: 

177  (2225)  :  133-135,  illus. 
See  Bruce,  D.,  and  Bickford,  C.  A.,  1950. 

and  Bull,  H. 


1935.    A  destructive  forest  fire  and  some  of  its  implication! 

U.  S.  Forest  Serv.  South.  Forest  Expt.  Sta.  Occas.  Pape 

46,  4  pp.     [Processed.] 

Sixty  acres  of  Elk  Pasture,  near  Urania,  La.,  burned  on  September  1 

1932.  Fire  had  been  excluded  for  19  years.  There  were  11  old-growth  se< 

trees  and  dense  stands   (900  per  acre)   of  19-year-old  pines — either  loblol 
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1-10  inches  in  d.  b.  h.  and  15-50  feet  tall  or  longieaf  1-6  inches  in  d.  b.  h.  and 
10-40  feet  tall.  Pine  needle  litter  lay  3  inches  deep  and  was  also  draped  on 
branches  and  brush.  Fire  killed  all  saplings  and  96  percent  of  the  seed  trees. 
It  is  suggested  that  periodic  controlled  burning  in  the  longieaf  pine  type  is 
a  more  logical  practice  than  either  fire  exclusion  or  complete  absence  of  fire 
protection. 

and  Curry,  J.  R. 

1943.    The  use  of  fire  in  the  protection  of  longieaf  and  slash 

pine  forests.     U.   S.   Forest  Serv.   South.   Forest   Expt. 

Sta.  Oceas.  Paper  105,  22  pp.,  illus.      [Processed.] 

Considers  in  detail  obstacles  and  benefits  of  fire  use  in  the  Southeast  and 

the  steps  to  be  taken:  analysis,  area  selection,  examination,  mapping,  detailed 

plans,  execution,  and  critical  review  of  results. 

and  Newcomb,  L.  S. 


1947.  Prescribed  burning  in  the  Florida  flatwoods.  Fire  Con- 
trol Notes  8  (1)  :  17-23,  illus. 

In  the  flatwoods,  dense  slash  pine  sapling  stands  unburned  for  10  or  more 
years  are  subject  to  severe  damage  from  wildfire.  Such  damage  can  be  avoided 
by  prescribed  burning.  Steps  in  executing  a  prescribed  burn  are  analysis, 
planning,  preparation,  burning,  and  appraisal.  Discusses  stand  size,  weather, 
and  execution  of  burning. 

Biswell,  H.  H.,  and  Lemon,  P.  C. 

1943.  Effect  of  fire  upon  seed-stalk  production  of  range  grasses. 
Jour.  Forestry  41 :  844. 

Burning  greatly  increases  seedstalk  production  of  native  species,  espe- 
cially pineland  threeawn  and  Curtiss  dropseed. 

—  Foster,  J.  E.,  and  Southwell,  B.  L. 


1944.    Grazing  in  cutover  pine  forests  of  the  Southeast.     Jour. 
Forestry  42 :  195-198. 

From  studies  near  Plymouth,  N.  C,  the  authors  conclude  that  there  is  no 
place  for  prescribed  burning  in  the  reed  forage  type.  Fires  delay  the  grazing 
season  about  2  weeks,  reduce  the  can-ying  capacity  the  following  year,  and 
make  the  reeds  more  liable  to  be  killed  by  grazing. 

Southwell,  B.  L.,  Stevenson,  J.  W.,  and  Shepherd,  W.  0. 


1942.    Forest  grazing  and  beef  cattle  production  in  the  Coastal 

Plain  of  Georgia.     Georgia  Coastal  Plain  Expt.  Sta.  Cir. 

8,  25  pp.,  illus. 

A  survey  of  106  cattle-producing  farms  in  1941  revealed  that  about  40 

percent  practiced  prescribed  burning  to  insure  against  devastating  fires,  to 

check  brush  invasion,  and  to  improve   grazing.   Many  attempted    to    protect 

reproduction  areas  and  then  to  burn  portions  of  their  forest  land  every  2  or  3 

years. 

Boyd,  H. 

1952.    Burning  for  control  of  brush  and  brown  spot  disease: 
selected  references.     U.  S.  Dept.  Agr.  Library  and  South. 
Forest  Expt.  Sta.,  4  pp.      [Processed.] 
A  list  of  44  references  dealing  with  the  South. 


1952.  Studies  of  fire  damage  in  hardwood  timber:  selected 
references.  U.  S.  Dept.  Agr.  Library  and  South.  Forest 
Expt.  Sta.,  4  pp.     [Processed.] 

A  partly  annotated  list  of  32  references. 
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Brender,  E.  V.,  and  Nelson,  T.  C. 

1954.    Behavior   and   control   of   understory   hardwoods   after 

clear  cutting  a  piedmont  pine  stand.     U.  S.  Forest  Serv. 

Southeast.    Forest   Expt.    Sta.,    Sta.    Paper   44,    17   pp., 

illus.      [Processed.] 

Control  by  cutting  lasted  little  over  a  year;  burning  effects  lasted  2  years. 

Brinkman,  K.  A.,  and  Swarthout,  P.  A. 

1942.  Natural  reproduction  of  pines  in  east-central  Alabama. 
Ala.  Agr.  Expt.  Sta.  Cir.  86,  12  pp.,  illus. 

A  survey  of  pine  reproduction  in  4  counties  indicated  that  frequent  fires 
had  prevented  establishment  of  pine  reproduction  on  about  40  percent  of  the 
area.  Fire  exclusion  for  5  years  after  seedfall  appeared  necessary  to  assure 
adequate  reproduction.  See  Wakeley,  P.  C,  1944. 

Bruce,  D. 

1947.  Thirty-two  years  of  annual  burning  in  longleaf  pine. 
Jour.  Forestry  45 :  809-814,  illus. 

The  Roberts  plots  at  Urania,  La.,  have  demonstrated  that  longleaf  seed- 
lings must  be  protected  from  free-ranging  woods  hogs,  and  that,  under  fence, 
longleaf  seedlings  on  good  sites  can  survive  annual  winter  fires  and  grow  past 
the  size  at  which  they  are  retarded  by  such  fires.  The  Roberts  plots  also  show 
that  where  fire  is  excluded  and  there  are  loblolly  or  shortleaf  seed  trees  near- 
by, these  species  wiU  invade,  and  even  small  numbei's  of  them  in  dense  young 
longleaf  stands  of  the  same  age  will  dominate  the  area.  See  Wyman,  L.,  1922. 


1949.    Longleaf    regeneration    improved    by    burning.     U.    S.. 
Forest  Serv.  South.  Forest  Expt.  Sta.  South.  Forestry^ 
Notes  60.      [Processed.] 
Fire  before  seedfall  improves  seed  catch,  survival,  and  growth  of  long- 
leaf.  See  Bruce  and  Bickford,  1950,  for  a  complete  report  on  the  study. 


1949.  Seed  loss  to  birds  unimportant  on  fresh  burns.  U.  S. 
Forest  Serv.  South.  Forest  Expt.  Sta.  South.  Forestry 
Notes  63.  [Processed.]  Also  in  Naval  Stores  Rev.  5£ 
(30)  :  5  and  South.  Lumberman  179  (2249)  :  221. 

In  south  Mississippi  in  1947  and  1948,  birds  ate  very  little  of  the  longlea 
seed  on  several  small  fresh  burns  having  heavy  seed  supplies. 


1950.    It   isn't  the  ashes.     U.   S.   Forest   Serv.   South.   Fores^ 

Expt.    Sta.    South.    Forestry    Notes    66.      [Processed. 

Also  in  Naval  Stores  Rev.  60  (2)    :  4. 

Rapid  early  growth  of  longleaf  seedlings  on  spots  where  pine  logs  hav 

recently  burned  seems  due  to  the  fact  that  fire  killed  the  grass  roots  rathe 

than  to  any  fertilizing  or  mulching  effect  of  the  wood  ashes. 


1951.  Factors  affecting  fuel  weight.  U.  S.  Forest  Serv.  South 
Forest  Expt.  Sta.  South.  Forestry  Notes  73.  [Pro 
cessed.]     Also  in  South.  Lumberman  183   (2297)  :  20( 

See  Bruce,  D.,  1951,  Fuel  weights  on  the  Osceola  National  Forest. 


1951.    Fire  resistance  of  longleaf  pine  seedlings.     Jour.  Forest 
ry  49 :  739-740. 

Longleaf  seedlings  germinating  on  fresh  burns  survived  fires  well  wht 
a  year  old  because  the  roughs  were  thin;  seedlings  that  had  germinated  c 
1-year  and  older  roughs  suffered  severe  mortality.  Size  and  vigor  of  seedling 
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are  important  in  estimating  probable  survival.  When  longleaf  seedling  stands 
are  large  enough  to  start  height  growth,  fires  kill  few  seedlings  that  would 
not  have  died  from  othei-  causes  in  2  or  3  years. 

1951.    Fire,  site,  and  longleaf  height  growth.     Jour.  Forestry 
49 :  25-28,  illus. 

Two  similar  studies  of  fire  eflFects  on  longleaf  seedlings  in  Mississippi 
and  Florida  indicated  that  local  diff'erences  in  soil  had  more  influence  on 
height  growth  than  did  fire.  In  Florida,  the  unburned  seedlings  grew  best; 
and  the  more  frequent  and  more  severe  the  fires,  the  poorer  the  survival  and 
growth.  On  a  better  site  in  Mississippi,  growth  was  improved  by  the  use  of 
light  fires  (both  winter  and  summer)  when  seedlings  were  4  years  from  seed. 


1951.    Fuel    weights    on    the    Osceola    National    Forest.     Fire 
Control  Notes  12  (3)  :  20-23,  illus. 

Density  of  stand,  age  of  rough,  and  understory  brush  aff"ected  fuel  weight 
in  north  Florida.  Dense  stands  had  4  tons  more  fuel  than  open  stands.  Ten- 
to  15-year  roughs  had  about  SVo  tons  more  fuel  than  1-year  roughs.  There 
were  about  2  tons  more  fuel  where  gallberry  or  palmetto  plants  were  present 
than  where  they  were  absent.  Fuel  weights  per  acre  ranged  from  1 V2  tons  on 
open  1-year  roughs  with  no  brush  to  22  tons  under  dense  stands  having 
10-year  or  older  roughs  with  palmetto  understory. 


1952.  Fire  pruning  of  slash  pine  doesn't  pay.  U.  S.  Forest 
Serv.  South.  Forest  Expt.  Sta.  South.  Forestry  Notes 
78.  [Processed.]  Also  in  Fire  Control  Notes  13  (2)  : 
17. 

A  small  gain  in  pruning  8-year-old  slash  on  an  upland  site  by  severe  fire 
was  offset  by  loss  of  one-half  year's  growth. 


1954.    Mortality  of  longleaf  pine  seedlings  after  a  winter  fire. 
Jour.  Forestry  52 :  442-443,  illus. 

Brown-spot  defoliation  may  be  more  important  than  height  of  longleaf 
seedlings  in  determining  how  many  V2-  to  4-foot  seedlings  will  be  killed  by 
fire.  In  a  light  winter  fire  maximum  mortality  was  in  seedlings  1  to  IV2  feet 
tall.  All  size  classes  of  seedlings  over  two-thirds  defoliated  by  the  brown-spot 
needle  blight  a  year  before  the  fire  suffered  more  than  88-percent  mortality. 
Brown-spot  reduced  fire  resistance  of  seedlings  V2  to  1  %  feet  tall  more  than 
of  seedlings  less  than  V2  foot  tall.  The  best  way  to  insure  low  mortality  is  to 
keep  seedlings  healthy  by  burning  before  many  of  them  are  more  than  one- 
third  defoliated  by  the  disease. 


1955.  Longleaf  led  the  way.  La.  State  Univ.,  School  of  Forest- 
ry, Fourth  Ann.  Forestry  Symposium  Proc,  pp.  79-85. 
[Processed.] 

Frequent  fires  for  thousands  of  years  resulted  in  almost  pure  stands  of 
virgin  longleaf  pine  on  the  Lower  Coastal  Plain.  The  sandy,  gently  rolling 
soils  were  not  damaged  by  fire,  frequent  fires  kept  the  fuel  light,  and  long- 
leaf  was  the  most  fire-resistant  species  present.  Since  logging  of  the  virgin 
stands,  it  has  been  found  that  seedbed  preparation  and  brown-spot  control 
are  necessary  to  get  second-growth  longleaf  stands.  Use  of  fire  is  the  most 
economical  means  of  accomplishing  these  purposes,  and  also  will  result  in 
lower  fuel  hazard,  reduced  competition,  and  improved  spring  cattle  grazing. 
Primary  purposes  for  use  of  fire  in  other  southern  pine  types  are  for  under- 
story shrub-hardwood  control  and  seedbed  preparation.  Outside  of  the  long- 
leaf  type,  soils  are  more  susceptible  to  erosion  when  the  vegetation  is  burned 
off,  and  the  more  hilly  country  (as  well  as  the  less  uniform  fuels)  makes 
prescribed  fires  harder  to  control. 
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and  Bickford,  C.  A. 


1950.  Use  of  fire  in  natural  regeneration  of  longleaf  pine. 
Jour.  Forestry  48:  114-117,  illus. 

A  test  begun  in  1933  on  a  1,000-acre  fenced  tract  in  central  Louisiana 
showed  that  prescribed  use  of  fire  improves  seed  catch,  increases  survival,  and 
stimulates  height  growth  of  longleaf  pine.  Survival  in  a  dry  first  year  was  22 
percent  on  fresh  burns  and  1-year  roughs  and  only  10  percent  on  2-year  and 
older  roughs.  More  of  the  yearling  seedlings  survived  the  next  6  years  on 
these  fresh  burns  and  1-year  roughs,  and  the  survivors  made  better  height 
growth.  Prescribed  burning  once  or  twice  in  the  6-year  period  after  seedlings 
were  a  year  old  resulted  in  better  survival  and  growth  than  no  burning  or 
annual  burning.  See  Bickford,  C.  A.,  and  Bruce,  D.,  1948;  Bruce,  D.,  1949, 
Longleaf  Regeneration  Improved  by  Burning. 

Bynam,  G.  M. 

1948.  Vegetation  temperature  and  fire  damage  in  the  southern 
pines.     Fire  Control  Notes  9  (4)  :  34-36,  illus. 

Theoretical  curves  show  the  relative  fire  intensities  that  longleaf,  slash, 
and  loblolly  pine  should  tolerate  at  different  temperatures.  At  a  temperature 
just  above  freezing  these  pines  should  tolerate  a  fire  more  than  twice  as 
intense  as  they  would  on  a  warm  day  when  the  vegetation  temperature  is  95°. 

and  Nelson,  R.  M. 

1952.    Lethal  temperatures  and  fire  injury.     U.  S.  Forest  Serv. 
Southeast.  Forest  Expt.  Sta.  Res.  Note  1,  2  pp.,  illus. 
[Processed.]     Also  in  Naval  Stores  Rev.  62  (20)  :  18. 
The  lethal  effects  of  a  fire  of  given  intensity  vary  inversely  as  the  differ- 
ence between  the  lethal  temperature  and  initial  vegetation  temperature.  Foi 
equal  intensities  a  backfire  would  scorch  a  tree  crown  higher  than  a  headfire 
But  headfires  actually  scorch  to  considerably  greater  heights  because  theii 
intensity  is  almost  always  several  times  as  great  as  that  of  a  backfire. 

Campbell,  R.  S. 

1954.  Fire  in  relation  to  forest  grazing.  Unasylva  8  (4)  : 
154-158,  illus. 

Cites  use  of  fire  in  forest  land  management  in  southeastern  United  State; 
as  an  example  of  relation  between  fire  use  and  grazing.  Points  out  that  graz 
ing  may  reduce  fire  hazard  by  removing  as  much  as  44  percent  of  the  herbag* 
and  by  compacting  fuel,  and  that  cattle  may  make  seedbed  and  fertilized  fire 
breaks  relatively  fireproof  by  close  grazing.  See  Campbell  and  Cassady,  1951 
Harper,  1944;  Hey  ward  and  Barnette,  1934;  Heyward  and  Tissot,  1936;  Wah 
lenberg,  Greene,  and  Reed,  1939. 


1955.    Vegetational  changes  and  management  in  the  cutovei 

longleaf  pine-slash  pine  area  of  the  Gulf  Coast.     Ecol 

36 :  29-34,  illus. 

Secondary   plant  succession  in  the  longleaf-slash  pine  belt  of  the   Gul 

Coastal  Plain  is  influenced  by  timber  cutting,  burning,  and  grazing.  The  dam 

aging  effects  of  uncontrolled  annual  burning  are  in  part  alleviated  by  substi 

tuting  prescribed  burning  in  managed  stands,  which  is  useful  in  reproducin, 

and  growing  longleaf  and  slash  pines  and  in  improving  grazing.  Hogs  an 

sheep  are  serious  threats  to  the  early  survival  and  growth  of  the  pines,  bu 

cattle  usually  do  little  harm.  The  scrubby  hardwoods  and  underbrush  tha 

naturally  develop  under  selective  cutting  of  the  pine  or  under  protection  fror 

fire   are   a   serious   problem.    Increasing  intensity   of  land  management  fo 

timber  growing  and  range  grazing  may  cause  deterioration  of  soil  fertilit 

and  physical  condition. 

and  Cassady,  J.  T. 

1951.  Grazing  values  for  cattle  on  pine  forest  ranges  in  Louisi 
ana.     La.  Agr.  Expt.  Sta.  Bui.  452,  31  pp.,  illus. 

Nutritive  value  was  not  greatly  affected  by  burning,  but  fire  removed  th 
rough  of  grass  and  weeds  and  made  the  fresh  forage  more  easily  availab] 
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for  grazing-.  Prescribed  burning  should  be  done  only  under  supervision  and 
advice  of  a  forester,  and  only  when  and  where  the  timber  stand  will  benefit. 

Epps,  E.  A.,  Jr.,  Moreland,  C.  C,  Farr,  J.  L.,iand  Bonner,  F. 


1954.    Nutritive  values  of  native   plants  on  forest  range   in 

central  Louisiana.     La.  Agr.  Expt.  Sta.  Bui.  488,  18  pp., 

illus. 

Burning  removes  old  growth  and  stimulates  succulent  new  growth  high 

in  crude  protein  and  phosphorus.  The  greatest  difference  between  burned  and 

unburned  range  was  in  spring   (March-May),  when  most  grasses  are  in  the 

young-leaf  stage.  At  other  seasons,  differences  were  small  and  inconsistent. 

In  addition  to  increasing  protein  and  phosphorus,  burning  makes  it  possible 

for   the  grazing  animal   to   take   new   growth,   unmixed  with   less   nutritious 

older  grass.  Repeated  burning  may  reduce  amount  of  forage  produced, 

Cassady,  J.  T. 

1953.  Burning  may  reduce  grass  production.  U.  S.  Forest 
Serv.  South.  Forest  Expt.  Sta.  South.  Forestry  Notes 
85.      [Processed.] 

In  central  Louisiana,  burning  for  2  consecutive  years  reduced  grass  pro- 
duction during  the  second  year  by  42  percent  (as  compared  with  an  area 
burned  the  first  year  only). 

Hopkins,  W.,  and  Whitaker,  L.  B. 


1955.    Cattle  grazing  damage  to  pine  seedlings.     U.  S.  Forest 

Serv.  South.  Forest  Expt.  Sta.  Occas.  Paper  141,  14  pp., 

illus.     [Processed.] 

Describes  eight  instances  of  grazing  damage  to  pine  seedlings  in  central 

Louisiana.  Among  other  things,  points  out  that  fire  may  lead  to  heavy  damage 

because  cattle  tend  to  concentrate  on  recent  burns. 

Chaiken,  L.  E. 

1949.    The  behavior  and  control  of  understory  hardwoods  in 
loblolly  pine  stands.     U.  S.  Forest  Serv.  Southeast.  Forest 
Expt.  Sta.  Tech.  Note  72,  27  pp.,  illus.      [Processed.] 
The  use  of  pre-  and  post-logging  fires  for  pine  regeneration  and  hard- 
wood control.  Discusses  season  of  burning,  types  and  frequency  of  fires,  and 
cost  of  prescribed  burning. 


1950.    This  hardwood   problem.     Forest  Farmer  9    (6)  :   8-9, 
illus. 

The  pros  and  cons  of  hardwood  control  by  prescribed  fire  versus  other 
methods. 


1952.    Control  inferior  tree  species.     South.  Lumberman  184 
(2306)  :  38-39.     Also  in  The  Unit,  News  Letter  41,  pp. 
33-36.  [South.  Pulpwood  Conserv.  Assoc] 
Points  out  some  of  the  uses  and  limitations  of  prescribed  fire  to  retard 
the  development  of  competing  hardwoods  in  southern  pine  stands. 


1952.    Annual  summer  fires  kill  hardwood  root  stocks.  U.  S. 
Forest  Ser\^  Southeast.  Forest  Expt.  Sta.  Research  Note 
19,  1  p.     [Processed.] 
Summer  fires  are  more  effective  than  winter  fires  in  killing  rootstocks  and 
in  reducing  size  and  vigor  of  sprouts  from  surviving  rootstocks. 
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tali 


1952.  Extent  of  loss  of  loblolly  pine  seed  in  winter  fires.  U.  S., 
Forest  Serv.  Southeast.  Forest  Expt.  Sta.  Res.  Note  21, 
2  pp.  [Processed.]  Also  in  South.  Lumberman  185 
(2321)  :  260. 

On  areas  burned  after  the  bulk  of  a  year's  pine  seed  crop  has  fallen 
seedlings  arise  either  from  seed  that  lodges  in  sheltered  and  protected  spotj 
or  from  seed  disseminated  after  a  fire.  It  is  unlikely  that  enough  seed  will 
fall  during  February  or  March  to  restock  an  area  adequately. 

and  LeGrande,  W.  P.,  Jr. 

1949.  When  to  burn  for  seedbed  preparation.  Forest  Farmei 
8  (11)  :  4. 

If  timed  to  take  advantage  of  heavy  seed  crops,  fire  can  create  a  favor- 
able ground  surface  for  loblolly  pine  seed  germination.  Peak  of  loblolly  seed 
fall  occurs  during  the  first  part  of  November.  The  best  season  to  burn  there- 
fore is  perhaps  September  or  October. 

Cooper,  R.  W. 

1951.  Release  of  sand  pine  seed  after  a   fire.  Jour.  Forestrjv 
49 :  331-332,  illus.     Also  in  South.  Lumber  Jour.  55  (8) 
56,  58,  60,  illus. 

Abundant  seedfall,  resulting  from  a  wildfire  in  February  on  the  Ocah  t 
National  Forest  in  Florida,  gave  rise  to  adequate  reproduction.  By  May,  how- 
ever, the  entire  crop  had  been  wiped  out,  presumably  by  drought  and  higli 
surface  temperatures. 

1952.  Regeneration   problems  in  sand  pine.     South.  Lumber- 
man 184    (2303)  :  43-44.  illus. 

Sand  pine  grows  in  dense,  even-aged,  pure  stands  as  a  direct  result  ojflf 
past   fires.    Cones   are   very   persistent   and   seldom   open   on   standing   trees 
Wild  fires  open  the  cones  and  bring  about  release  of  large  quantities  of  see((i 
followed  by  dense  reproduction.  However,  the  old  stand  having  been  destroyed!  ^'^' 
this  method  has  little  practical  value  for  the  forester.  P^" 

\i 
of  I 
fire, 
rfi 


1953.    Prescribed    burning    to    regenerate    sand    pine.     U.    S\ 
Forest  Serv.  Southeast.  Forest  Expt.  Sta.  Res.  Note  22 
1    p.      [Processed.]     Also    in    South.    Lumberman    18(' 
(2331)  :  50. 

Early  response  to  prescribed  burning  indicates  that  more  information  i 
needed  on  the  time  of  year  to  burn,  on  the  interval  between  cutting  and  burn 
ing,  and  on  the  number  of  seed  trees. 

Craig,  R.  B.,  Marburg,  T.  F.,  and  Hayes,  G.  L. 

1946.  Fire  losses  and  justifiable  protection  costs  in  the  Uoasra 
Plain  region  of  South  Carolina.  U.  S.  Forest  Serv 
Southeast.  Forest  Expt.  Sta.,  46  pp.      [Processed.] 

See  item  immediately  below  for  type  of  analysis  made  in  this  area. 

Frank,  B.,  Hayes,  G.  L.,  and  Jemison,  G.  M. 

1945.    Fire  losses  and  justifiable  protection  costs  in  southeri 

Piedmont  of  Virginia.     U.  S.  Forest  Serv.  Appalachiai 

Forest  Expt.  Sta.,  27  pp.,  illus.      [Processed.] 

Analyzes  the  justifiable  expenditure  for  fire  control  in  seven  counties  o 

the  southern  Piedmont  of  Virginia  by  balancing  all  costs  for  prevention,  pre 

suppression,  and  suppression  against  losses  to  all  resource  values  at  stak( 

Determines  the  point  at  which  the  sum  of  costs  and  losses  is  minimized.  Th 

cost  of  this  least-cost-plus-loss  point  is  the  economic  limit  of  justifiable  expen 

diture   for   fire   control   under   existing  conditions   and  present  type   of  fir 

control. 
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Frank,  B.,  Hayes,  G.  L.,  and  Marburg,  T.  F. 

1946.  Fire  losses  and  justifiable  protection  costs  in  the  south- 
western coal  section  of  Virginia.  U.  S.  Forest  Serv. 
Southeast.  Forest  Expt.  Sta.,  45  pp.      [Processed.] 

Same  type  of  analysis  as  described  in  item  immediately  above. 

Davis,  V.  B. 

1955.  Don't  keep  longleaf  seed  trees  too  long!  U.  S.  Forest 
Serv.  South.  Forest  Expt.  Sta.  South.  Forestry  Notes 
98.      [Processed.] 

Long-leaf  seed  trees  not  only  keep  longleaf  seedlings  small  by  competi- 
tion, but  their  needles  increase  the  amount  of  fuel.  Near  seed  trees,  a  fire 
killed  50  percent  of  the  seedlings  0.2  inch  in  diameter  at  the  root  collar  and 
10  percent  of  those  that  were  0.3  inch.  Away  from  heavy  needle  fall,  mor- 
tality in  these  size  classes  was  18  percent  and  7  pei'cent. 

Demmon,  E.  L. 

1926.  Fire  damage  in  virgin  pine  stands  of  the  South.  Lumber 
Trade  Jour.  90  (6)  :  19-20.  Also  iyi  South.  Lumberman 
124  (1615)  :  47. 

In  1924,  24,000,000  acres  burned  in  nine  southern  States.  This  was  84  per- 
cent of  the  total  in  burned  area  in  the  United  States.  Although  damage  is 
not  confined  to  mature  trees,  a  large  percentage  of  them  bear  the  scars  of 
repeated  fires  for  over  100  years. 

1928.  What  the  forest  fires  of  1927  did  to  the  pines  on  Georgia 
cutover  lands.     Naval  Stores  Rev.  38  (35)  :  14-15. 

Severe  burns  in  the  spring  of  1927,  when  ponds  in  southern  Georgia  were 
iry,  killed  many  trees  over  8  inches  d.  b.  h.  On  two  large  fires,  32  percent  of 

ound  longleaf  were  killed  and  56  percent  of  the  turpentined  longleaf.  Slash 
pine  suffered  higher  mortality  because  it  grew  in  previously  unburned  ponds: 

8  percent  for  round  trees,  and  78  percent  for  turpentined.  In  other  areas, 
dash  seedling  and  sapling  mortality  averaged  85  percent  within  100  yards  of 
3onds  and  less  than  33  percent  farther  away.  Fire  resistance  increased  rapidly 
vith  size.  Practically  all  slash  less  than  7  feet  were  killed,  about  50  percent 
)f  the  10-foot  saplings,  and  less  than  one-third  of  the  14-foot  class.  Frequent 
ires  kill  young  slash  befoi'e  they  are  fire  resistant  and  keep  many  areas  bare 
)f  reproduction. 


1929.    Fires   and   forest   growth.     Amer.    Forests   and   Forest 
Life  35 :  273-276,  illus. 

Cites  many  instances  of  fire  damage  to  southern  forests. 


1931.    Fires  in  the  South.     U.  S.  Forest  Serv.,  Serv.  Bui.  15 
(11)  :  2-3. 

Cites   instances   of  severe  damage  from  fires  in  spring  of  1927  in   south 
jeorgia.  Mentions  study  of  fire  scars  in  virgin  pine  stands. 


1932.    Fire  in  the  southern  pine  forests.     U.  S.  Forest  Seiv. 
South.  Forest  Expt.  Sta.,  6  pp.      [Processed.] 

I  A  general  resume  of  knowledge  and  opinion  regarding  the  relation  of  fire 
.0  the  growing  of  pine.  Points  out  that  each  forest  stand  is  different  and  no 
'general  statement  will  fit  all  conditions.  Fires  have  been  frequent  and  have 
aused  much  damage.  Longleaf  is  the  most  fire-resistant  southern  pine.  Fii-e 
an  be  used  in  longleaf  stands  to  prepare  seedbeds,  control  brown  spot,  and 
educe  fuel  hazard. 
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1935.    The  silvicultural  aspects  of  the  forest-fire  problem  in  the 
longleaf  pine  region.     Jour.  Forestry  33:  323-331. 

There  are  more  fires  in  the  longleaf  belt  (50-60  million  acres)  than  else- 
where in  the   South,  and  more  in  the  South  than  elsewhere  in  the  Unitec; 
States,  but  these  fires  do  not  cause  as  much  damage  per  acre  as  do  fires  h' 
other  regions.  The  frequency  of  the  fires  is  partly  due  to  the  high  flamma 
bility  of  the  surface  vegetation  in  winter.  Controlled  burning  is  used  for  seed 
bed    preparation,    brown-spot    control,    reducing   competition,    reducing    fins 
hazard,   improving  pasture,   and  bettering  habitat  conditions  for  game.  T( 
grow  longleaf,  mastery  of  fire  is  essential.   Such  mastery  requires,  amonj 
other  things,  more  knowledge  of  fire  causes,  behavior,  effects,  and  uses. 


1942.    Periodicity  of  forest  fires  in  the  South.     South.  Lumber 
man  165  (2081)  :  220-222,  illus. 

Frequent  fires  in  the  South  are  not  so  spectacular  as  fires  in  other  regions 
but  they  exact  their  toll  by  scarring  and  killing  trees.  Fire  causes  are  dis 
cussed  and  records  of  numbers  of  fire  and  area  bumed  are  presented.  Mos 
fires  occur  from  October  through  April,  with  the  major  peak  in  March.  Onl;j 
half  of  the  forest  area  in  the  South  is  now  under  organized  fire  protection! 

Derr,  H,  J.,  and  Cossitt,  F.  M. 

1955.    Longleaf  pine  direct  seeding.     Jour.  Forestry  53 :  243 
246,  illus. 

Longleaf  pine  direct  seeding  should  be  done  in  late  October  or  Novembe 
on  light  roughs  or  disked  strips.  Light  roughs  are  prepared  by  burning  5  or  I 
months  before  seeding.  Fresh  burns  may  attract  birds  even  where  the  burne  ( 
area  is  adjacent  to  the  seeded  area.  Grass  roughs  older  than  one  year  obstruc 
germination  and  may  harbor  a  high  rodent  population.  Disking  on  poor  drr| 
sites  may  reduce  seedling  losses  if  the  first  summer  is  dry,  and  should  bi) 
done  about  3  months  before  seeding  to  let  the  soil  settle.  Protection  agains 
hogs,  grazing  animals,  birds,  ants,  and  other  animals  that  eat  seed  or  damage' 
young  seedlings  may  be  necessary. 

and  Mann,  W.  F.,  Jr. 


1954.    Future  forests  by  direct  seeding.     Forests  and  Peopli 
4  (4)  :  22-23,  38-39,  illus. 

A  one-year  grass  rough  is  usually  the  best  seedbed  for  longleaf  pine.  0 
dry  sandy  sites,  however,  disked  strips  through  a  one-year  rough  ma 
improve  sui-vival. 

Eldredge,  I.  F. 

1935.  Administrative  problems  in  fire  control  in  the  longleial 
slash  pine  region  of  the  South.  Jour.  Forestry  33 
342-346. 

Forest  management  will  remain  a  gamble  until  the  forest  fire  problem  < 
the  South  is  solved.  Although  much  of  the  area  burned  shows  little  damag 
there  are  many  areas  of  vulnerable  young  slash  pine  developed  by  6  or 
years  of  protection  in  which  fire  control  is  extremely  difficult  in  dry  year 
Controlled  fire  is  needed  in  the  reproduction  of  longleaf  pine,  and  may  ha^ 
a  place  in  hazard  reduction.  Advocacy  of  controlled  burning  will  be  very  dif 
cult  for  public  agencies  responsible  for  fire  protection. 

Elliott,  F.  A.,  and  Pomeroy,  K.  B. 

1948.  Artificial  regeneration  of  loblolly  pine  on  a  prescribe 
burn.     Jour.  Forestry  46 :  296-298. 

Effects  and  costs  of  a  single  prescribed  fire  in  loblolly  pine  in  the  Coast 
Plain  of  Virginia. 
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Ferguson,  E.  R. 

1955.  Fire-scorched  trees — will  they  live  or  die?  La.  State 
Univ.,  School  of  Forestry,  Fourth  Ann.  Forestry  Sym- 
posium Proc,  pp.  102-112,  illus. 

In  east  Texas  in  1954,  975  sample  trees,  mostly  loblolly  and  shortleaf  with 
some  longleaf,  were  tagged  on  severe  burns.  Damage  to  crowns  and  trunks 
was  classified  soon  after  the  fire,  and  trees  were  checked  at  the  end  of  the 
growing  season  to  see  if  they  lived  or  died.  Trees  most  likely  to  die  were 
those  with  all  foliage  consumed;  those  with  all  foliage  scorched  plus  very 
severe  bark  burn  or  extensive  bark  burn;  those  with  both  extensive  and 
severe  bark  burn;  and  those  in  summer  fires  that  had  either  complete  foliage 
scorch,  extensive  bark  burn,  or  very  severe  bark  burn.  Shortleaf  pines,  sup- 
pressed trees,  and  trees  under  10  inches  d.  b.  h.  were  poorer  risks  than  lob- 
lolly or  longleaf,  trees  in  upper  crown  classes,  or  trees  over  10  inches  d.  b.  h. 

and  Stephenson,  G.  K. 

1953.    Fire  effects  studied.     South.  Lumberman   187    (2345)  : 

244,  illus.     Also  in  Fire  Control  Notes  15    (3)  :  30-32, 

illus. 

In  east  Texas,  fire  may  be  used  to  kill  young  hardwoods  and  to  improve 

seedbeds  for  pine.  Studies  are  under  way  to  measure  effects  of  these  fires  on 

soils  and  watershed  conditions  and  on  hardwoods  and  pines. 

and  Stephenson,  G.  K. 


1955.    Pine   regeneration  problems   in  east  Texas :   A  project 
analysis.     U.  S.  Forest  Serv.  South.  Forest  Expt.  Sta. 
Occas.  Paper  144,  72  pp.,  illus.      [Processed.] 
Reviews  literature  dealing  with  prescribed  burning  for  seedbed  prepara- 
tion and  for  improving  seedling  survival.  Suggests  additional  work  to  define 
the  most  effective  burning  conditions,  to  measure  effects  of  reduced  root  com- 
petition on  soil  moisture,  and  to  measure  possible  effects  on  w^atershed  values. 

Forbes,  R.  D. 

1924.  Fire  in  loblolly  pine,  Urania,  Louisiana.  U.  S.  Forest 
Serv.,  Serv.  Bui.  8  (17)  :  5-6. 

Three  sets  of  plots  were  established  for  observing  effects  of  burning 
on  loblolly  pine.  In  a  sapling  and  pole  stand,  a  spring  fire  in  1923  weakened 
trees,  and  bark  beetles  (//>.s  sp.)  attacked  them.  A  summer  fire  was  lighter 
because  the  fuel  was  moist.  Fall  was  too  w^et  for  any  burning. 


1925.  White  smoke.  Amer.  Forests  and  Forest  Life  31 :  458- 
462,  illus. 

Fire  prevention  depends  on  knowledge  of  fire  causes.  In  the  Southeast 
and  possibly  in  California,  a  major  cause  of  fire  is  burning  to  "improve" 
grazing  conditions.  In  the  Southeast,  it  seems  possible  in  the  future  to  grow 
more  and  better  cattle  and  timber  by  confining  cattle  to  pastures  having 
about  1/4  to  1/2  the  present  open  range  area, 

Forsling,  C.  L. 

1936.  Forest  fires  in  Central  Europe.  Farmers'  Federation 
News  16  (7)  :  18. 

Fire  causes  relatively  little  damage  in  the  forests  of  Central  Europe  as 
Compared  to  the  United  States.  Europeans  have  a  greater  appreciation  of 
the  social  and  economic  value  of  forest  land  and  accordingly  are  more  careful 
with  fire. 

Frothingham,  E.  H. 

1931.  Timber  growing  and  logging  practice  in  the  southern 
Appalachian  region.  U.  S.  Dept.  Agr.  Tech.  Bui.  250, 
93  pp.,  illus. 

General  information  on  fire  effects  in  hardwood  stands. 
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Gemmer,  E.  W.,  Maki,  T.  E.,  and  Chapman,  R.  A. 

1940.  Ecological  aspects  of  longleaf  pine  regeneration  in  south 
Mississippi.     Ecol.  21 :  75-86,  illus. 

Field  tests  showed  that  longleaf  seed  must  be  protected  against  birds  and 
mice.  Wire  tubes,  mulches,  and  drill  seeding  gave  promising  results.  Green- 
house tests  showed  best  germination  on  mineral  soil  and  light,  well-watered 
humus.  Heavy  ash  deposits  were  detrimental.  Hardness  of  surface  soil  did 
not  affect  germination  but  did  affect  penetration  by  radicles.  A  field  trial 
indicated  poorer  catch  on  burned  and  cultivated  seedbeds  than  on  3-year  grass 
rough  because  of  loss  of  seed  to  birds  on  exposed  seedbeds. 

Gruschow,  G.  F. 

^-    1952.    Effect  of  winter  burning  on  growth  of  slash  pine  in  the 

flatwoods.     Jour.  Forestry  50:   515-517,  illus.     Also  in 

South.    Lumberman    183    (2297)  :    260,   262,   264,    illus. 

1951. 

Presents    some    evidence    that   headfires   should   not  be  prescribed   where 

slash  pine  is  a  desired  stand  component  and  where  slash  pine  reproduction 

is  becoming  established.  Under  favorable  conditions,  prescribed  burning  with 

a  backfire  results  in  negligible  loss  of  growth  in  stands  over  approximately 

12  feet  tall.  Headfires  reduce  both  height  and  diameter  growth. 

Haig,  I.  T. 

1938.  Fire  in  modern  forest  management.  Jour.  Forestry  36: 
1045-1049. 

Discusses  the  use  of  fire  for  numerous  management  purposes  in  several 
regions.  Questions  whether  foresters  are  taking  a  sound  or  desirable  position 
by  citing  fire  as  a  soil  destroyer  where  only  direct  action  on  fertility  is 
concerned. 


1950.  Solving  the  riddle  of  low  grade  hardwoods.  Amer. 
Forests  56  (2)  :  28-30,  40-41,  illus. 

Under  even-aged  management,  proper  use  of  prescribed  fire  promises  to 
be  one  of  the  cheapest  and  most  effective  ways  of  controlling  hardwood 
invasion. 


spr 


1950.    The  control  of  undesirable  hardwoods  in  southern  for- 
ests.    Forest  Farmer  9  (11)  :  9,  11,  14,  illus. 
General  discussion  on  the  use  of  fire  for  hardwood  control. 

Halls,  L.  K. 

1954.    Low-cost    range    improvement    pays    in   the    Southeast, 
U.   S.   Forest  Serv.   Southeast.   Forest  Expt.   Sta.   Res 
Note  54,  2  pp.      [Processed.] 
Spring  broadcasting  of  carpetgrass  and  lespedeza  seed  on  cutover  slasP 
pine  forest  land,  burned  the  previous  fall,  increased  the  annual  return  from 
grazing  three-fold,  from  $2.10  to  $6.14  per  acre. 

—  and  Suman,  R.  F. 

1954.  Improved  forage  under  southern  pines.  Jour.  Forestrj 
52 :  848-851,  illus. 

Good  stands  of  improved  forage  species  such  as  Louisiana  white  clover 
carpetgrass,  and  Dallas  grass  can  be  established  without  tillage  in  longleaf 
slash  pine  forests  following  litter  removal  by  burning. 

Southwell,  B.  L.,  and  Knox,  F.  E. 

1952.  Burning  and  grazing  in  coastal  plain  forests.  Ga 
Coastal  Plain  Expt.  Sta.,  Univ.  Ga.  Bui.  51,  33  pp.,  illus 

Results  of  a  7-year  study  of  vegetation  and  cattle  responses  to  burning, 
frequency  (1-,  2-,  and  3-year  intervals  vs.  no  burning)  in  longleaf-slash  pin 
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forests  of  Georgia;  ecological  trends  and  chemical  composition  of  forage 
species,  diet  and  weight  gains  of  young  cattle,  fuel  accumulation,  and  tree 
reproduction.  General  relationship  between  amount  of  tree  canopy  and  her- 
baceous understory  is  also  discussed. 

Harper,  V.  L. 

1937.    Fire  research  in  the  lower  South.     Fire  Control  Notes 
1   (5)  :  229-237. 

Tremendous  areas  are  burned  by  wildfire  each  year  in  the  South,  and  at 
the  same  time  controlled  burning  is  being  used  in  forest  management.  The 
acute  fire  problems  appear  to  be:  (1)  better  fire  protection  methods;  (2)  a 
method  of  evaluating  the  eff*^cts  of  fire;  and  (3)  controlled-burning  technique. 


1944.  Effects  of  fire  on  gum  yields  of  longleaf  and  slash  pines. 
U.  S.  Dept.  Agr.  Cir.  710,  42  pp.,  illus. 

Surface  fires  that  caused  no  defoliation  were  followed  by  slight  increases 
(4  percent)    in   gum   yield   in   the  year  following  fire   but  had   no   effect  on 

econd-year  yields.  Crown  defoliation  reduced  gum  yields;  the  greater  the 
lefoliation  the  greater  the  loss.  Turpentining  probably  should  be  deferred  at 

east  1  year  after  m.oderate  crown  damage. 

larrar,  E.  S. 

1954.  Defects  in  hardwood  veneer  logs:  their  frequency  and 
importance.  U.  S.  Forest  Serv.  Southeast.  Forest  Expt. 
Sta.,  Sta.  Paper  39,  45  pp.,  illus.      [Processed.] 

Briefly  mentions  decay  following  fire. 

Harrington,  T.  A.,  and  Stephenson,  G.  K. 

1955.  Repeat  burns  reduce  small  stems  in  Texas  Big  Thicket. 
Jour.  Forestry  53:  847. 

In  the  Big  Thicket  of  southeast  Texas,  areas  were  burned  once  in  the 
pring  ot  1948,  twice  in  the  springs  of  1948  and  1951,  and  three  times  in  the 
springs  of  1948,  1951,  and  1952.  There  was  a  sparse  loblolly-shortleaf  pine 
jawtimber  overstory  beneath  which  hardwoods,  shrubs,  and  vines  precluded 
)ine  regeneration.  Burning  was  done  when  wind  and  fuel  permitted  complete 
md  rapid  spread  with  negligible  damage  to  the  overstory.  Number  of  shrubs 
md  hardwoods  from  V2  to  3y2  inches  counted  in  November  1954:  unburned, 
^,812  per  acre;  one  burn,  1,916;  two  burns,  1,479;  and  three  burns,  520  per 
icre.  The  average  reduction  of  731  stems  for  each  added  fire  reflects  both  kill 
)y  reburning  and  the  longer  period  for  reestablishment  of  small  stems  since 
he  first  and  second  burns.  Repeated  burns  seem  needed  to  reduce  hardwood 
mderstories  in  the  Big  Thicket  type. 

Hepting,  G.  H. 
1935.    Decay  following  fire  in  young  Mississippi  delta  hard- 
woods.    U.  S.  Dept.  Agr.  Tech.  Bui.  494,  32  pp.,  illus. 

The  greatest  losses  from  decay  in  young  Delta  hardwoods  result  from 
ire-scarring.  Decay  spreads  upward  from  fire  wounds  most  rapidly  in  the 
)aks  (2.3  inches  per  year),  and  then  in  ash,  sweetgum,  hackberry,  and  per- 
;immon.  Relations  were  established  between  rate  of  decay  and  tree  age  and 
liameter,  wound  size,  and  fungus  causing  the  decay.  Many  insects,  chiefly 
ants  and  termites,  inhabited  the  decayed  wood  behind  fire  scars,  but  there 
vas  little  insect  invasion  of  sound  wood  from  fire  scars. 


1941.  Prediction  of  cull  following  fire  in  Appalachian  oaks. 
Jour.  Agr.  Res.  Q2 :  109-120,  illus. 

An  intensive  study  of  fire-scar  butt  rot  on  a  large  number  of  commercial 
hogging  operations  provided  a  mechanism  by  which  it  is  possible  to  predict, 
•'or  fire  scars  of  different  sizes,  what  the  volume  of  decay  will  be  for  any 
fiven  number  of  years  after  a  fire.  Sixty  years  after  burning,  wounds  5  inches 
vide  resulted  in  only  5  board-feet  of  cull,  while  wounds  25  inches  wide 
I'esulted  in  160  board-feet  of  cull. 
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and  Blaisdell,  D. 


1936.  A  protective  zone  in  red  gum  fire  scars.     Phytopath.  26 
62-67. 

Describes  a  gum-filled  zone  on  the  face  of  red  gum  fire  scars  that  serves  P 
as  a  protection  against  decay.  !';i 

and  Chapman,  A.  D. 

1938.  Losses  from  heart  rot  in  two  shortleaf  and  loblolly  pine 
stands.     Jour.  Forestry  36 :  1193-1201,  illus. 

Basal  wounds,  chiefly  those  caused  by  fire,  were  by  far  the  most  com- 
mon means  of  entrance  for  Polyporus  schweinitzii.  Amount  of  cull  from  this 
fungus  is  reported. 

and  Hedgcock,  G.  G. 

1935.  Relation  between  butt  rot  and  fire  in  some  eastern  hard- 
woods. U.  S.  Forest  Serv.  Appalachian  Forest  Expt. 
Sta.  Tech.  Note  14,  2  pp.     [Processed.] 

Results  of  a  study  of  more  than  5,000  eastern  hardwoods  are  presented 
in  a  table  showing  percent  of  trees  by  species  having  fire  wounds  and  the 
cull  percent  due  to  butt  rot. 

and  Hedgcock,  G.  G. 

1935.    Relation  of  cull  percent  to  tree  diameter  and  to  percent- 
age of  trees  with  basal  wounds  in  some  eastern  hard-- 
woods.     U.   S.  Forest  Serv.  Appalachian  Forest  Expt. 
Sta.  Tech.  Note  16,  4  pp.,  illus.     [Processed.] 
Presents  graphs  showing  the  relation  of  cull  percent  to  tree  diameter  and  If  f 
percent  of  trees  with  basal  wounds. 

and  Hedgcock,  G.  G. 

1937.  Decay  in  merchantable  oak,  yellow  poplar,  and  basswoodi 
in  the  Appalachian  region.  U.  S.  Dept.  Agr.  Tech.  Bul.i 
570,  30  pp.,  illus. 

An  analysis  of  the  amount  of  cull  in  oaks,  yellow-poplar,  and  basswoodi 
throughout  the  Appalachian  region,  based  on  studies  from  19  logging  opera- 
tions. Percentages  of  cull  are  given  for  all  species  by  areas,  and  this  cull  is 
related  to  tree  diameter,  age,  fire,  and  other  factors.  Butt  rot  and  top  rot  are- 
analyzed  separately. 

and  Kimmey,  J.  W.  m 

1949.    Heart  rot.     U.  S.  Dept.  Agr.  Yearbook  1949,  pp.  462-465.  '^°' 
Many  timber  stands  have  been  repeatedly  burned,  so  that  practically  all 

old  trees  have  scars  at  their  butts.  Fungi  entering  through  the  scars  account 

for  a  large  proportion  of  the  heart  rot  in  older  stands. 

Heyward,  F.  D. 

1934.    Comments  on  the  effect  of  fire  on  feeding  roots  of  pine. 
Naval  Stores  Rev.  44  (19)  :  4. 

The  head  of  the  April  13  fire  at  Cogdell,  Ga.,  killed  pine  feeding  roots  tci 
a  depth  of  one  inch.  Usually  damaging  heat  from  surface  fire  penetrates  nc^ 
more  than  V4=  inch  in  dry  mineral  soils  and  even  less  in  moist  soils.  When 
ponds  or  swamps  dry  out,  all  dry  organic  matter  may  be  consumed,  some- 
times to  depths  of  several  feet.  Both  longleaf  and  slash  pine  develop  ne^A^ 
feeding  roots  in  the  top  few  inches  of  soil  soon  after  fire.  Pine  roots  may  be 
found  to  be  as  resistant  to  fire  damage  as  above-ground  portions  of  the  trees: 


1936.    Soil  changes  associated  with  forest  fires  in  the  longleal 

pine  region  of  the  South.     Amer.  Soil  Survey  Assoc.  Bui  ^^^^^„ 

17  (Proc.  16th  Annual  Meeting),  pp.  41-42.  jpinen 

Soils  protected  from  fires  were  more  penetrable  and  porous   than  soiLljand  w 

subjected  to  frequent  fires.  Protected  sandy  soils  had  a  higher  hygroscopiiijascribi 

Pasli 
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pefficient  and  higher  wilting  percent  than  burned  sandy  soils,  but  in  sandy 
:>ams  similar  differences  were  not  found.  Burned  soils  had  higher  loss  on 
tnition,  more  replaceable  calcium,  higher  pH,  and  higher  total  nitrogen  than 
nbumed  soils.  No  evidence  indicated  either  severe  soil  degradation  or 
nprovement  from  periodic  fires.  Soil  is  rarely  heated  above  ignition  point 
I  organic  matter  deeper  than  i/4  inch.  Most  differences  in  soils  are  actrib- 
ted  to  differences  in  ground  cover. 


1937.  The  effect  of  frequent  fires  on  profile  development  of 
j  longleaf   pine   forest   soils.     Jour.   Forestry   35:    23-27, 

illus. 

"  Because  of  frequent  fires,  most  longleaf  pine  forest  soil  resembles  a  grass- 
md  soil  more  than  a  typical  forest  soil.  The  ground  cover  is  mainly  hardy 
erennial  grass  and  the  Ai  horizon  is  dense  and  lacks  active  soil  fauna.  Where 
re  is  excluded,  a  forest  floor  2  to  SV2  inches  thick  is  formed,  smothering 
rasses;    and    soil    fauna    renders    Ai    horizon   more   penetrable    and    porous. 

eavier  soils  may  exhibit  crumb  structure. 


1938.    Soil  temperatures  during  forest  fires  in  the  longleaf  pine 
region.     Jour.  Forestry  36:  478-491,  illus. 

Soil  temperatures  during  fires  in  natural  fuels  in  longleaf  pine  forests  at 

pths  of  Vs  to  V4.  inch  generally  ranged  from  150°  to  175°  F.  for  periods  of 

to  4  minutes,  with  a  maximum  of  274°.  At   V2-inch  depth  the  maximum 

bserved  was  195°,  but  in  15  of  65  records  there  was  no  rise  in  temperature. 


1939.    Some  moisture  relationships  of  soils  from  burned  and 

unburned  longleaf  pine  forests.     Soil  Sci.  47:  313-327, 

illus. 

Soil  samples  from  four  paired  burned  and  unburned  pine  stands  in  north- 

ast  Florida  showed  that  in  about  half  of  84  determinations  at  0-  to  2-inch 

epth,  4-  to  6-inch  depth,  and  8-  to  10-inch  depth,  the  unburned  soils  were 

ignificantly  moister  than  the  burned.  None  of  these  paired  samples  (taken 

etween  July  1936  and  July  1937)  showed  that  burned  soils  were  significantly 

loister  than  unburned.  Differences  in  moisture  retention  determined  in  the 

iboratory  were  neither  large  nor  consistent.  On  areas  protected  from  fire, 

here  was  a  continuous  loose  mulch  of  dead  plant  material,  v/hereas  burned 

reas  had  sparser  ground  cover  consisting  of  young,  vigorous  plants.  Differ- 

nces  in  moisture  utilization  and  mulching  effects  are  probably  responsible 

or  the  higher  observed  moisture  in  unburned  soils. 


1939.  The  relation  of  fire  to  stand  composition  of  longleaf  pine 
forests.     Ecol.  20 :  287-304,  illus. 

In  51  long-unburned  forests  of  longleaf  and  slash  pine  from  South  Caro- 
ina  to  Louisiana,  there  was  a  consistently  greater  number  of  hardwoods  than 
n  nearby  frequently  burned  stands.  Where  no  fires  had  hindered  their  growth, 
lardwoods  occupied  a  considerable  part  of  the  dominant  crown  canopy.  When 
mwanted  hardwoods  are  not  over  2  inches  in  diameter,  controlled  fires  will 
:eep  them  in  check. 

and  Barnette,  R.  M. 

1934.  Effect  of  frequent  fires  on  chemical  composition  of  forest 
soils  in  the  longleaf  pine  region.  Fla.  Agr.  Expt.  Sta. 
Bui.  265,  39  pp.,  illus. 

Soils  subjected  to  frequent  fires  were  less  acid,  and  had  higher  percent- 
iges  of  replaceable  calcium  and  total  nitrogen.  They  also  appeared  to  have 
nore  orga.nic  matter,  judged  by  loss  on  ignition.  These  differences  were 
>bserved  in  the  top  4  to  6  inches  of  soil.  Unburned  areas  were  covered  with 
)ine  needle  litter  2  to  3  inches  deep,  while  frequently  burned  areas  had  grass 
md  weed  ground  cover.  Differences  in  nitrogen  and  organic  matter  are 
iscribed  to  ground  cover,  while  changes  in  acidity  and  calcium  are  attributed 
o  ash  following  fire. 
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and  Barnette,  R.  M. 


1936.  Field  characteristics  and  partial  chemical  analyses  of  th( 
humus  layer  of  longleaf  pine  forest  soils.  Fla.  Agr 
Expt.  Sta.  Bui.  302,  27  pp.,  illus. 

Under  frequently  burned  long-leaf  pine  stands,  the  Ai  horizon,  from  2  to  <; 
inches  thick,  is  more  typical  of  grassland  than  of  forest.  The  chief  source  oJl 
organic  matter  is  herbaceous  roots,  mainly  grass.  With  fire  protection,  air 
F-Tayer  V2  to  V^  inch  thick  develops.  No  continuous  H-layer  occurs.  A  perioc( 
of  8  to  12  years  is  needed  to  get  a  balance  between  accumulation  and  decom- 
position of  Dine  litter.  Annual  needle  fall  is  from  2,400  to  3,500  pounds  pei 
acre.  The  litter  developed  under  fire  protection  gives  healthy  soil  condition,, 
with  rapid  decomposition  preventing  formation  of  raw  humus  and  soil  degra 
dation.  The  forest  floor  conserves  moisture  and  prevents  soil  surface  com 
paction. 


and  Tissot,  A.  N. 
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1936.    Some  changes  in  the  soil  fauna  associated  with  foresi 
fires  in  the  longleaf  pine  region.     Ecol.  17 :  659-666,  illuss 

The  Ao  horizon  of  long-unburned  longleaf  pine  forests  supported  about  i 
times  as  many  microfaunal  forms  as  the  herbaceous  ground  cover  of  fre 
quently  burned  areas.  The  top  2  inches  of  mineral  soils  of  unburned  areai 
contained  11  times  more  soil  microfauna  than  corresponding-  soil  from  bume((fre 
areas.  It  is  believed  the  microfauna  are  responsible  for  the  fact  that  soils  art 
more  penetrable  and  better  aerated  on  unburned  areas  than  on  burned  areas 

Hine,  W.  R.  B. 

1925.    Hogs,  fire  and  disease  versus  longleaf  pine.     South.  Lum 
berman  119  (1544)  :  45-46,  illus. 

The  Roberts  plots  at  Urania,  La.,  have  demonstrated  that  fencing  is  neces 
sary  to  prevent  hog's  from  destroying  all  longleaf  seedling-s.  Annual  fires  wil 
eliminate  loblolly  and  shortleaf  reproduction  but  have  no  serious  effect  oi 
the  number  of  longleaf  seedling-s  if  the  first  fire  comes  when  seedlings  are  aijf " 
least  one  year  old.  Brown  spot  has  skilled  a  few  seedlings  on  the  unburnec*" 
plot.  Longleaf  on  the  unburned  plot  are  about  3  times  as  tall  as  on  the  plo 
burned  10  times,  and  have  10  times  the  basal  area  at  breast  height.  Se« 
Bruce,  D.,  1947;  and  Wyman,  L.,  1922. 


Hursh,  C.  R.,  and  Pereira,  H.  C. 

1953.  Field  moisture  balance  in  the  Shimba  Hills,  Kenya 
East  African  Agr.  Jour.  18    (4)  :   1-7. 

For  the  equatorial  coastal  conditions  studied,  a  high  tropical  forest  wa 
considered  to  be  more  favorable  to  ground- water  storage  than  the  adjaceni 
annually  burned  grass  vegetation. 

Jeffers,  D.  S.,  and  Korstian,  C.  F. 

1925.  On  the  trail  of  the  vanishing  spruce.  Sci.  Monthly  20 
358-368. 

Destructive  logging  followed  by  fire  threatens  to  eliminate  red  spruce  i 
the  southern  Appalachians.  On  cutover  lands  where  fire  has  not  burnec 
advance  growth  present  before  cutting  is  developing  satisfactorily.  But  n 
new  seedlings  dating  from  the  cutting  have  appeared.  Generally,  there  i 
enough  advance  growth  to  hold  the  land  for  spruce,  but  not  to  provide  we^ 
stocked  stands  at  maturity.  Where  fire  has  occurred,  the  loss  of  spruce  i 
complete,  and  in  its  place  are  stands  of  noncommercial  fire  cherry  and  yellow 
birch. 

Jemison,  G.  M. 

1943.  Effect  of  single  fires  on  the  diameter  growth  of  shortlea 
pine  in  the  southern  Appalachians.  Jour.  Forestry  41 
574-576. 

A  clear  distinction  is  made  between  the  growth  of  stands  and  the  growt 
of  individual  surviving  trees  after  fire  injuiy.  Wounding  and  mortality  follow 
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ig  a  severe  fire  may  cause  a  material  reduction  in  stand  yields,  but  individual 
Lirviving  shortleaf  pine  trees  continue  to  increase  in  diameter  at  a  noi-mal 
ate  even  though  their  crowns  are  entirely  scorched  by  a  single  fire. 


1944.    The  effect  of  basal  wounding  by  forest  fires  on  the  diame- 
ter growth  of  some  southern  Appalachian  hardwoods. 
Duke  Univ.  School  Forestry  Bui.  9,  63  pp.,  illus. 
A  comprehensive  study  showing  that:  (1)  basal  fire  wounding  has  no  sig- 
ificant  effect  on  rate  of  diameter  growth  or  food  and  water  translocation  in 
ellow-poplar  and  white  oak,   (2)   anatomical  changes  in  phloem  and  xylem 
ear  fire  wounds   to  quickly  circumvent  the  temporary  obstruction  are  uni- 
ersal,    (3)    sluwer  growth  of  some  wounded  scarlet  oak  trees  results  from 
mwn   injury  rather  than  from  physiological   or  anatomical   changes.   This 
lower  growth  of  wounded  scarlet  oak  represents  a  loss  of  $0.23  per  acre  over 
single   rotation  in  an  average  stand  of  second-growth  mixed  oak  in  the 
3uthern  Appalachians. 

[aufert,  F.  H. 
1933.    Fire  and  decay  injury  in  the  southern  bottomland  hard- 
woods.    Jour.  Forestry  31 :  64-67. 

Fires  damage  bottomland  hardwoods  by  killing  young  trees,  giving  rise  to 
oor-quality  sprout  stands,  and  by  scarring  survivors.  It  is  estimated  that 
re  has  caused  90  to  95  percent  of  decay  in  merchantable  stands. 

eetch,  J.  J. 

1944.    Sprout    development    on    once-burned    and    repeatedly- 
burned  areas  in  the  southern  Appalachians.     U.  S.  For- 
est Serv.  Appalachian  Forest  Expt.  Sta.  Tech.  Note  59, 
3  pp.      [Processed.] 
On  a  once-burned  area  8  years  after  burning,  dominant  sprouts,  averaging 
,4  feet  in  height,  are  evident,  two-thirds  of  the  ground  area  is  covered,  and 
fine   stand   is    anticipated.    By   repeated   burning,   sprouting   capacity   and 
owth  rate  or  vigor  are  not  significantly  reduced,  but  only  one-third  of  the 
ound  area  is  covered  and  there  is  evidence  of  soil  deterioration.  Sprouting 
iries  by  parent  tree  size  and,  to  some  extent,  by  species. 

brstian,  C.  F. 

1924.  Natural  regeneration  of  southern  white  cedar.  Ecol.  5: 
188-191,  illus. 

Discusses  the  killing  effects  of  fire  during  dry  seasons,  the  beneficial 
suits  during  wetter  seasons  in  regenerating  the  species,  and  ecological 
ends  following  disastrous  fires. 


1927.    Timber  from  southern  white  cedar  pays  on  coastal  swamp 
land.     U.  S.  Dept.  Agr.  Yearbook  1927,  pp.  617-619,  illus. 

Strip   cutting   is   preferred   to   seed   trees,    with   controlled   slash   fires   to 
'ovide  a  seedbed  of  exposed  surface  peat. 


1937.    Perpetuation  of  spruce  on  cut-over  and  burned  lands  in 
the    higher    southern    Appalachian    mountians.     Ecol. 

IMonog.  7 :  125-167,  illus. 
Depletion  of  southern  Appalachian  spruce  forests  is  due  to  fire  following 
structive  logging.  Although  the  most  valuable  species  in  the  spruce  forest, 
d  spruce  does  not  reproduce  effectively  under  conditions  of  high  altitude  and 
e  dry  surface  layer  of  moss,  peat,  and  soil,  which  follows  cutting  and  fire. 
.^Iirthermore,  it  does  not  compete  vigorously  with  the  associated  hardwoods, 
'lius,  cutting  practices  in  this  type  must  be  directed  toward  partial  or  selec- 
!;-e   cutting,    or    even    no    cutting    on    those    areas    reserved   for   watershed 
otection. 
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and  Brush,  W.  D. 


1931.    Southern  white  cedar.     U.  S.  Dept.  Agr.  Tech.  Bui.  251 
76  pp.,  illus. 

Because  of  thin  bark  and   highly  flammable  leaves  and  twigs,  southeri 
white  cedar  is  at  all  ages  very  susceptible  to  fire.  However,  dense  stands  o: 
reproduction  have  sprung  up  on  clear-cut  areas  following  single  slash  fire; 
that  occurred  when  swamps  were  filled  with  water  and  before  dormant  seedil; 
in  the  peat  had  germinated. 

Lee,  R.  E.,  and  ISmith,  R.  H. 

1955.    The  black  turpentine  beetle,  its  habits  and  control.     U-  S  j 
Forest  Serv.  South.  Forest  Expt.  Sta.  Occas.  Paper  138 1 
14  pp.,  illus.     [Processed.] 
The  black  turpentine  beetle  kills  trees  in  stands  that  have  been  disturbe 
by  logging,  turpentining,  fire,  hail,  wind,  lightning,  or  other  insects.  Contrcf; 
by  burning  stumps  is  not  practical;   salvage  of  dead  and  dying  trees  an 
spraying  stumps  and  seed  trees  with  BHC  are  recommended. 

Lemon,  P.  C. 

1946.    Prescribed  burning  in  relation  to  grazing  in  the  longleafi! 
slash  pine  type.     Jour.  Forestry  44:  115-117. 

Prescribed  burning  improves  the  forage  for  grazing.  Burning  can  be  sue 
cessfully  done  if  the  area  selected  for  burning  has  an  adequate  stand  of  treei 
is  subdivided  into  small  units,  if  conditions  for  burning  are  favorable,  and  : 
the  job  is  done  by  personnel  trained  in  the  use  of  fire. 


1949.    Successional  responses  of  herbs  in  the  longleaf -slash  pinij 
forest  after  fire.     Ecol.  30 :  135-145. 

Herbs  are  classified  into  three  groups,  principal,  secondary,  and  "fire  fo 
lowers."  Principal  herbs  are  adapted  to  persist  after  burning;  the  less  in|lig 
portant  secondary  herbs  react  to  fire  roughly  in  the  same  way  as  do  tl^jtili 
primary;  the  fire  followers  quickly  invade  a  burned  area  but  are  largely  elim,|yel 
nated  by  8  or  10  years  of  protection.  |tio 

Lentz,  G.  H. 

1931.  Forest  fires  in  the  Mississippi  bottomlands.  Jour.  Fo] 
estry  29 :  831-832. 

In  the  spring  of  1931  the  bottomlands  were  dry  and  damaging  fires  wee 
burning.  Decay  losses  from  1924-25  fires  were  becoming  more  evident,  am 
constituted  a  clear  warning  that  fire  protection  is  necessaiy  if  timber  is 
be  grown  on  the  bottomlands. 

Lindenmuth,  A.  W.,  Jr.,  and  Byram,  G.  M. 

1948.  Headfires  are  cooler  near  the  ground  than  backfires 
Fire  Control  Notes  9  (4)  :  8-9,  illus. 

In  prescribed  burning  where  it  is  desired  to  minimize  damage  to  repii 
duction  under  18  inches  or  so  in  height,  headfires  may  prove  more  economicK 
and  effective  than  backfires. 


Keetch,  J.  J.,  and  Nelson,  R.  M. 


1951.    Forest  fire  damage  appraisal  procedures  and  tables  ff 

the   Northeast.     U.   S.   Forest  Serv.  Southeast.   ForefJ 
Expt.  Sta.,  Sta.  Paper  11,  28  pp.,  illus.     [Processed.]  1 

Presents  tables  for  determining  average  dollar  damage  per  acre  accordil 
to  forest  type,  stand  origin,  size  class,  stand  density,  season  of  year,  aj 
fire  intensity. 

Lotti,  T. 

1955.  Summer  fires  kill  understory  hardwoods.  U.  S.  Font 
Serv.  Southeast.  Forest  Expt.  Sta.  Res.  Note  71,  2  jfl 
[Processed.] 

Annual  summer  fires  were  more  effective  than  biennial  fires. 
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and  McCulley,  R.  D. 

1951.    Loblolly  pine:  maintaining  this  species  as  a  subclimax  in 

the  south-eastern  United  States.     Unasylva  5:  107-113, 

illus. 

Summer  fires  may  be  needed  to  kill  hardwoods  that  are  too  large  to  be 
killed  by  winter  fires.  At  time  of  regeneration,  the  pine  seedbed  can  be  pre- 
pared and  the  hardwoods  checked  simultaneously  by  a  pre-seedfall  burn.  Most 
favorable  season  for  treatment  is  September  and  October. 

McCarthy,  E.  F. 
1922.    Fire  increases  dry  site  type.     U.  S.  Forest  Serv.,  Serv. 
Bui.  6  (22)  :  4-5. 

Two  fires  in  the  southern  Appalachians  caused  severest  damage  on  diy 
jlopes.  Fires  favored  pines,  increased  the  number  of  pine  seedlings,  crippled 
:he  mature  hardwoods,  started  disease  in  the  fire  scars,  and  created  dense 
slumps  of  hardwood  sprouts. 


1928.    Analysis  of  fire  damage  in  southern  Appalachian  forests. 
Jour.  Forestry  26 :  57-68,  illus. 

Analysis  of  fire  mortality  and  injury  of  trees  by  size.  Deductions  on  the 
elements  of  damage  and  problems  awaiting  solution  are  made  from  the  data. 


1933.    Yellow  poplar  characteristics,  growth,  and  management. 
U.  S.  Dept.  Agr.  Tech.  Bui.  356,  58  pp.,  illus. 

Instances  are  cited  where  dense  stands  of  yellow-poplar  seedlings  follow 
ight  fires  that  remove  the  leaf  litter.  Seedlings  and  saplings  are  veiy  suscep- 
;ible  to  killing  by  fire,  but  when  the  bark  becomes  a  half  inch  thick  or  more, 
rellow-poplar  is  one  of  the  most  fire  resistant  of  eastern  trees.  Some  informa- 
ion  on  amount  of  cull  following  fire  wounding. 

and  Sims,  I.  H. 


1935.  The  relation  between  tree  size  and  mortality  caused  by 
fire  in  southern  Appalachian  hardwoods.  Jour.  Forestry 
33:  155-157,  illus. 
Presents  curves  showing  the  relation  between  tree  size  and  mortality 
laused  by  fires.  Suggests  a  method  for  rating  fire  intensity  by  dividing  actual 
noi'tality  in  the  3-inch  class  into  10  intensity  classes  and  associating  mor- 
ality in  other  diameter  classes  to  these  as  reference  points. 

kcCulley,  R.  D. 
1950.    Management  of  natural  slash  pine  stands  in  the  flat- 
woods  of  south  Georgia  and  north  Florida.     U.  S.  Dept. 
Agr.  Cir.  845,  57  pp. 
Prescribed  burning  can  best  be  done  with  a  3-  to  10-mile  northerly  wind 
rom  December  15  to  February  15.  Costs  can  be  reduced  by  spreading  the 
>ackfire  rapidly  so  that  at  least  10  acres  will  be  burned  per  man-hour.  Dam- 
jige  may  be  reduced  by  burning  only  the  area  absolutely  necessary,  by  avoid- 
hg  cycle — or  quota — burning,  and  bv  allowing  10  years  of  complete  protection 
[or  development  of  reproduction.  Presents  curves  of  relation  of  height  and 
|iiameter  growth  by  crown  injury  classes. 

ilacKinney,  A.  L. 

1931.  Thirteen  annual  fires  in  the  longleaf  pine  type.  U.  S. 
!  Forest  Serv.,  Serv.  Bui.  15  (37)  :  2-4. 

During  a  10-year  period  on  an  annually  burned  plot,  diameter  growth  was 
•educed  9  percent  and  annual  volume  growth  22  percent. 
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1931.  Longleaf  pines  subjected  to  thirteen  years'  light  burning 
show  retarded  growth.  U.  S.  Forest  Serv.  Forest  Work- 
er 7:  10-11. 

Average  d.  b.  h.  of  all  trees  on  the  annually  burned  plot  was  4.4  inches  ^ 
and  on  the  unbumed  plot  5.1  inches.  Figures  are  given  for  difference  in  incre-- 
ment  and  in  volume  of  peeled  wood. 


1933.    Mortality  in  longleaf  pine  pole  stand  after  a  hard  fire.. 
U.  S.  Forest  Serv.,  Serv.  Bui.  17  (22)  :  3. 

Table,  based  on  examinations  2  months  and  11  months  after  the  fire,  shows-; 
percentage  of  trees  that  died  in  each  of  5  defoliation  classes. 


1934.    Some  effects  of  three  annual  fires  on  growth  of  longleaf f 
pine.     Jour.  Forestry  32:  879-881,  illus. 

On  experimental  plots  burned  annually  for  3  years  mean  basal  area  growth  '• 
(inside  bark)  was  reduced  42. 0±  8.9  percent  by  burning.  Larger  trees  showed 
a  greater  reduction  in  basal  area  growth  than  smaller  ones.  Reduction  irii 
height  growth  appeared  to  be  negatively  correlated  with  size  of  tree  but  was-j 
not  significant. 


1934.    Some  factors  affecting  the  bark  thickness   of  second-!- 

growth  longleaf  pine.     Jour.  Forestry  32 :  470-474,  illus.>, 

Analysis   of  613   trees  from  burned  areas   showed   that  fire   measurabljy 

reduced  bark  thickness. 


1935.  Effects  of  a  light  fire  on  loblolly  pine  reproductioni 
U.  S.  Forest  Serv.  Appalachian  Forest  Expt.  Sta.  Techi 
Note  9,  2  pp.     [Processed.] 

Table  shows  cumulative  mortality  7,  26,  and  50  weeks  after  a  light  fire 
Mortality  of  reproduction  was  very  high. 

Mann,  J.  M. 

1947.  Prescribed  burn  versus  wildfire.  Forest  Farmer  7  (2) 
4,  illus. 

How  a  prescribed  burn  in  a  slash  pine  area  reduced  a  15-year  accumula 
tion  of  fuel  and  how  a  wildfire  on  a  part  of  the  area  not  prescribe-burne(( 
caused  severe  damage. 

Mann,  W.  F.,  Jr. 

1954.  Direct  seeding  research  with  longleaf,  loblolly,  and  slasll 
pines.  La.  State  Univ.,  School  of  Forestry,  Third  Ann 
Forestry  Symposium  Proc,  pp.  9-18. 

Longleaf  should  be  direct-seeded  in  November  after  about  2  inches  of  rair 
A  one-year  rough  is  the  preferred  seedbed  on  most  sites.  There  should  be  n  • 
fresh  bums  on  or  near  the  area  because  they  attract  birds.  On  dry  sand; 
sites,   disking   may  prevent  heavy  losses   if  there  is   a  drought  in  the  firs 
summer.  Loblolly  seeding  on  sites  dominated  by  poor  hardwoods  is  best  donj 
in  November  on  fresh  burns.   Falling  leaves  hide  the  seed  from  birds.   Oi 
open  land,  spring  sowing  of  loblolly  is  necessary  to  prevent  freezing  damag( 
Disking  appears  necessary  to  reduce  grass  which  overtops  loblolly  seedling 
developing  on  fresh  burns  and  grass  roughs.  Slash  pine  may  be  sowed  in  fa 
with  no  special  site  preparation. 

and  Derr,  H.  J. 

1954.  Direct  seeding  of  southern  pines.  South.  Lumberma 
189  (2369)  :  115-117,  illus. 

One-year  roughs  are  usually  the  best  seedbeds  for  longleaf,  although  o 
very  dry  sites  disked  strips  in  one-year  roughs  may  help  seedling  survival  i 


k 
h 
loWi 
iti( 


FIRE  CONTROL  NOTES  87 

a  dry  summer.  Fresh  burns  on  or  near  the  seedbed  area  are  hig-hly  attractive 
to  migratory  birds.  Disked  strips  in  one-year  roughs  probably  are  the  best 
seedbeds  for  slash  and  loblolly. 

and  Rhame,  T. 

1955.    Prescribe-burning  planted  slash  pine.     U.  S.  Forest  Serv. 

South.    Forest    Expt.    Sta.    South.    Forestry    Notes    96. 

[Processed.] 

See  item  immediately  below. 

and  Whitaker,  L.  B. 


1955.    Effects    of   prescribe-burning    4-vear-old    planted    slash 
pine.     Fire  Control  Notes  16  (3)  :  3-5. 

In  central  Louisiana,  a  600-acre  4-year-old  slash  plantation  with  moderate 
but  spotty  grazing  was  prescribe-burned  in  the  winter  1952-53  for  hazard 
reduction  without  serious  damage.  All  burning  was  against  the  wind.  Fires 
killed  8  percent  of  the  trees,  mostly  those  under  8  feet  tall.  Survivors  lost 
3.25-foot  growth  the  following  year.  Generally,  slash  plantations  averaging 
less  than  8  feet  tall  should  not  be  burned,  unless  weather  and  fuel  conditions 
are  exactly  right  and  experienced  men  are  on  hand  to  do  the  burning. 

Meginnis,  H.  G. 

1935.  Effect  of  cover  on  surface  run-off  and  erosion  in  the  loes- 
sial  uplands  of  Mississippi.  U.  S.  Dept.  Agr.  Cir.  347, 
16  pp.,  ilius. 
Run-off  and  erosion  were  measured  for  2  years  in  catchment  tanks 
installed  under  8  different  cover  types,  including  a  mature  oak  forest  un- 
turned for  7  years  and  a  scrub  oak  woodland  subjected  to  severe  cutting, 
frequent  fires,  and  other  abuses.  The  scrub  oak  permitted  15  times  as  much 
oil  loss  and  10  times  as  much  direct  run-off  as  the  old-growth  oak  forest,  but 
3nly  0.3  to  1  percent  of  the  soil  loss  and  15  percent  of  the  run-off  allowed  by 
I  barren  abandoned  field  or  cultivated  land. 

Minckler,  L.  S. 

1944.    Third-year  results  of  experiments  in  reforestation  of  cut- 
over  and  burned  spruce  lands  in  the  southern  Appala- 
chians.    U.   S.  Forest  Serv.  Appalachian  Forest  Expt. 
Sta.  Tech.  Note  60,  10  pp.,  illus.     [Processed.] 
A  combination  of  burning  and  grazing  followed  by  planting  may  be  the 
cheapest  and  most  effective  treatment  for  establishing  spruce. 

\luntz,  H.  H. 
1947.    Prescribed  burning  of  longleaf  plantations.     U.  S.  Forest 
Serv.  South.  Forest  Expt.  Sta.  South.  Forestry  Notes  49. 
[Processed.]     Also  in  Naval  Stores  Rev.  57  (11)  :  5. 
See  Wakeley,  P.  C,  and  Muntz,  H.  H.,  1947. 


1948.  Slash  pine  versus  loblolly  in  central  Louisiana.  Jour. 
Forestry  46 :  766-767,  illus. 

Part  of  a  mixed-species  planting  was  burned  after  6  years.  At  10  years, 
oss  in  sui-vival,  apparently  due  to  burning,  was  20  percent  for  slash  against 
H  percent  for  loblolly;  and  loss  in  height  was  1  foot  for  slash  and  5  feet  for 
oblolly,  indicating  that  slash  pine  is  more  fire  resistant  under  these  con- 
iitions. 


1954.  How  to  grow  longleaf  pine.  U.  S.  Dept.  Agr.  Farmers' 
Bui.  2061,  25  pp.,  illus. 

Longleaf  is  more  fire  resistant  than  other  southern  pines,  and  may  be 
Ihe  only  species  that  will  grow  successfully  where  fire  protection  is  inade- 
buate.  In  longleaf  management,  fire  is  used  to  prepare  sites  for  seeding  or 
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planting,  control  brown  spot,  reduce  wildfire  hazard,  and  control  competing 
hardwoods.  Indiscriminate  burning  has  no  place  in  long  leaf  management 
Since  repeated  burning  may  cause  erosion  and  watershed  damage,  hilly  lan( 
may  best  be  managed  for  other  species.  Periodic  prescribed  burning  destroys 
needles  and  d^ad  rough,  speeding  growth  of  new  grass  and  making  it  mor( 
available  to  cattle. 

Nelson,  R.  M. 

1935.  A  method  for  rating  forest  fire  intensity.  U.  S.  Fores 
Serv.  Appalachian  Forest  Expt.  Sta.  Tech.  Note  8,  1  p. 
illus.      [Processed.] 

Five  classes  of  fire  intensity  are  arbitrarily  established,  based  on  percent 
age  of  3-inch  trees  killed. 


1951.    More  facts  are  needed  on  prescribed  burning.     Fores 
Farmer  10  (8)  :  5. 

A  popular  account  of  the  importance  of  temperature  in  the  use  of  pre 
scribed  fire,  i.e.,  possibility  of  obtaining  satisfactory  results  in  reducing  fueli; 
on  cold  winter  days,  hardwood  control  on  hot  summer  days,  and  brown-spo 
control  by  the  use  of  headfires,  which  are  cooler  near  the  ground  than  back 
fires. 


I 


1952.  Observations  on  heat  tolerance  of  southern  pine  needles; 
U.  S.  Forest  Serv.  Southeast.  Forest  Expt.  Sta.,  Stai 
Paper  14,  6  pp.,  illus.      [Processed.] 

Needles  of  longleaf,  slash,  loblolly,  and  pitch  pine,  when  immersed  in  ;; 
water  bath,  had  about  the  same  lethal  temperatures. 

and  Sims,  I.  H. 

1934.  Fire  wounds  have  close  relation  to  exterior  discoloration! 
of  bark.  U.  S.  Dept.  Agr.  Yearbook  1934,  pp.  218-220i 
illus. 

See  item  immediately  below. 

Sims,  I.  H.,  and  Abell,  M.  S. 


1933.    Basal  fire  wounds  on  some  southern  Appalachian  hard 
woods.     Jour.  Forestry  31 :  829-837,  illus. 

A  study  of  oaks  and  yellow-poplar  wounded  by  a  spring  fire  in  Virginia 
There  was  a  fairly  high  correlation  between  the  area  of  discoloration  and  th  i 
area  of  wound  for  all  but  scarlet  oak,  which  is  highly  susceptible  to  wound 
ing.  Of  the  species  studied,  yellow-poplar  was  the  most  resistant,  scarlet  oa  ; 
the  least  resistant,  and  black,  white,  and  chestnut  oak  intermediate. 

Osborne,  J.  G. 

1937.    Pulpwood  and  forest  fires.     Paper  industry  19 :  661-664 

Although  most  fires  may  appear  to  do  little  damage  to  southern  pin 
stands,  they  take  an  immense  toll  of  seedlings  needed  for  full  pulpwood  pre 
duction.  Fires  in  logging  slash  are  particularly  damaging;  logged  area 
should  get  extra  protection.  Loblolly-shortleaf  stands  need  better  protectio 
than  longleaf. 


1938.    Effects  of  burned  faces  on  later  turpentining.     Forestr 
News  Digest,  Southern  ed..  May  issue,  p.  23. 

Two  years  after  a  severe  April  1934  fire  in  southeast  Georgia,  tui-pentii 
ing  was  resumed  on  trees  with  burned  faces.  The  operator  used  the  minimui 
jump  streak  that  exposed  "sufficient"  producing  wood.  Jump  streaks  on  tt 
windwai'd  side  were  %  inch  lower  than  on  other  sides,  and  were  V2  inc  ^\)} 
higher  for  each  additional  4  feet  of  stem  scorched  (and  averaged  2^/4  inches 
Slash  pine  showed  6  percent  more  dry-face  than  longleaf,  leeward  faces  1 
percent  more  than  windward,  and  small  trees  more  than  large  trees. 


FIRE  CONTROL  NOTES  89 

and  Harper,  V.  L. 

1937.  The  effect  of  seedbed  preparation  on  first-year  establish- 
ment of  longleaf  and  slash  pine.  Jour.  Forestry  85: 
63-68,  illus. 

Longleaf  and  slash  pine  seed  were  sowed  on  small  screened  plots  in 
northern  Florida  in  the  winters  1938-34  and  1934-35.  One  year  after  seeding, 
|3urvival  counts  indicated  about  twice  as  many  longleaf  established  on  plots 
burned  one  year  before  seeding  or  disked  just  before  seeding,  and  3  to  4 
:imes  as  many  on  plots  snaded  or  burned  .iust  before  seeding,  as  on  plots  on 
3-  or  4-year  roughs.  Slash  plots  indicated  a  similar  but  less  consistent  effect 
3f  rough.  The  1933-34  disked  plots  had  notably  high  survival,  possibly  because 
)f  moisture  retention  in  the  dry  1934  summer.  Site  preparation  does  not  seem 
50  important  for  slash,  which  has  frequent  and  abundant  seed  crops,  as  for 
ongleaf,  with  its  infrequent  seed  years.  Burning  immediately  or  one  year 
)efore  longleaf  seed  fall  will  improve  germination  or  survival,  and  either 
(nethod  should  give  satisfactory  reproduction  if  it  successfully  combats  the 
)ird  and  rodent  problem. 

Pessin,  L.  J. 
1939.    Effect  of  the  treatment  of  ground  cover  on  the  growth 
of  longleaf  pine  seedlings.     U.   S.   Forest  Serv.  South. 
Forest  Expt.  Sta.  South.  Forestry  Notes  25.      [Processed.] 

Longleaf  pine  grown  in  containers  for  2  years  with  grasses  were  V2  as 
arge  as  those  with  no  grass.  Burning  grass  (annually,  with  seedlings  pro- 
ected  against  defoliation)  resulted  in  seedlings  nearly  as  large  as  where 
here  was  no  grass.  See  Pessin,  1944,  for  final  report. 


1942.  Stimulating  the  early  growth  of  longleaf  pine  seedlings. 
U.  S.  Forest  Serv.  South.  Forest  Expt.  Sta.  South.  For- 
estry Notes  44.      [Processed.] 

See  item  immediately  below. 


1944.    Stimulating  the  early   height  growth   of   longleaf  pine 
seedlings.     Jour.  Forestry  42 :  95-98. 

Removing  grass  competition  by  repeated  hoeing  greatly  stimulated  long- 
saf  seedling  growth,  in  comparison  to  no  treatment,  or  to  site  preparation 
y  spading,  or  winter  burns  for  3  successive  years  (during  burns  the  seed- 
ings  were  covered  with  large  crocks).  Four  years  after  seeding,  hoed  seed- 
ings  averaged  26  inches  in  height  and  all  others  5  inches.  (According  to  the 
946  Annual  Report  of  the  Southern  Forest  Experiment  Station,  after  8  years 
hese  heights  were  15  feet  and  7.5  feet  with  no  significant  difi'erences  be- 
ween  spading,  burning,  and  check.) 


and  Chapman,  R.  A. 


1944.  The  effect  of  living  grass  on  the  growth  of  longleaf  pine 
seedlings  in  pots.     Ecol.  25 :  85-90. 

Longleaf  seedlings  were  grown  for  2  years  in  1-gallon  cans  with  and 
[without  grass,  and  with  250  or  500  ml.  of  water  added  per  week.  Average 
[ry  weight  was  significantly  greater  with  no  grass.  Without  grass,  neither 
pulching  nor  amount  of  water  affected  growth  significantly.  Average  growth 
I  seedlings  where  Andropogoyi  ^coparius  was  burned  each  winter  (with 
eedling  foliage  protected)  was  greater  than  where  grass  was  clipped  twice 
{  year,  which  in  turn  was  greater  than  where  grass  was  untouched.  Similar 
differences  did  not  appear  for  mixtures  of  other  grasses  and  forbs  for  these 
I  treatments.  Amount  of  water  had  a  very  significant  effect  on  growth  of 
eedlings  in  competition  with  A.  scoparius,  but  not  with  other  grasses. 
Weight  of  grasses  produced  was  not  reported.) 
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Pomeroy,  K.  B. 

1948.    Observations  on  four  prescribed  fires  in  the  Coastal  Plai:i 
of  Virginia  and  North  Carolina.     Fire  Control  Notes 
(2  and  3)  :  13-17. 

The  effect  of  fires  of  different  severity  on  killing  of  small  hardwoods  an 
on  fuel  consumption. 


d 

1950.    Twenty  years  without  fire  protection.     Forest  Farmef' 
10  (3)  :  12,  illus.  f 

A  spring  wildfire  in  a  cutover  loblolly  pine  stand  destroyed  all  pine  repr(  1- 
duction  and  all  hardwoods  up  to  2  inches  in  diameter  but  was  followed  by 
bountiful  seed  crop  and  well-stocked  stands  of  reproduction.  Ten  years  lat( 
a    second   wildfire    again   destroyed    all    reproduction,   and   two    years    wei 
required  to  produce  a  seed  crop.  The  delay  enabled  a  vigorous  stand  of  har<  | , 
wood  sprouts  to  become  established;  these  sprouts  are  likely  to  assume  dom  " 
nance  unless  treated. 

and  Barron,  N.  T. 

1950.  Hardwoods  vs.  loblolly  pines.     Jour.  Forestry  48:  11' 
113. 

The  use  of  fire,  scarification  of  seed  bed,  and  silvicides  in  the  manageme:L. 
of  loblolly  pine.  d, 

Putnam,  J.  A.  "^ 

1951.  Management  of  bottomland  hardwoods.     U.  S.   Forei 
Serv.  South.  Forest  Expt.  Sta.  Occas.  Paper  116,  60  p|ei 
[Processed.] 

During  severe  fire  seasons,  once  every  5  or  8  years,  fires  spread  rapid); 
killing  all  tree  reproduction  under  10  years  old,  and  wounding  the  survivoi 
On  bottomland  hardwood  areas,  fire  once  every  10  years  precludes  the  pre; 
tice  of  forestry. 


1 


1953.  Management  possibilities  in  upland  hardwoods,  if  an; 
La.  State  Univ.,  School  of  Forestry,  Second  Annual  Syi 
posium  Proc,  pp.  63-69. 

Controlled  fire  cannot  be  used  in  pine-hardwood  areas  if  the  hardwoc 
are  to  be  carried  30  to  40  years.  Prevalence  of  fire  on  upland  pine  sites  cc 
tributes  to  the  poor  grade  of  hardwoods  found  there.  Fire  exclusion  w 
increase  production  of  good  hardwoods. 

Roth,  E.  R.,  and  Sleeth,  B. 

1939.  Butt  rot  in  unburned  sprout  oak  stands.  U.  S.  De] 
Agr.  Tech.  Bui.  684,  43  pp.,  illus. 

Sprout  stands  that  develop  after  severe  burns  have  less  decay  than  th( 
resulting  from  cutting  operations  without  fire.  Fire  preceding  tlie  establi; 
ment  of  a  stand  kills  the  cambium  and  latent  buds  above  the  ground  line 
the  stumps.  Sprout  regeneration  is  thus  forced  to  come  from  buds  at  or  bel 
ground  level  and  such  sprouts  often  escape  infection  from  the  parent  stur 

Shepherd,  W.  0. 

1952.  Highlights  of  forest  grazing  research  in  the  Southea 
Jour.  Forestry  50 :  280-283,  illus. 

Winter  burning  greatly  increased  the  protein  and  mineral  content 
native  grasses  until  they  reached  full  leaf  stage.  Thereafter  forage  qua] 
on  burned  and  unburned  range  was  fairly  similar.  Cattle  gains  were  th 
times  higher  during  the  spring.  Burning  alone  had  little  influence  on  dens 
of  native  forage  species  but  burning  combined  with  heavy  grazing  reduced 
density  of  bunchgrasses  and  favored  the  invasion  of  low-growing  spec 
such  as  carpetgrass. 
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1953.  Effects  of  burning  and  grazing  flatwoods  forest  ranges. 
U.  S.  Forest  Serv.  Southeast.  Forest  Expt.  Sta.  Res.  Note 
30,  2  pp.  [Processed.]  Also  in  Naval  Stores  Rev.  63 
(12)  :  17,  20. 

Summary  of  7-year  study  of  burning  longleaf-slash  pine  forest  range  at 
ntervals  of  1,  2,  and  3  years;  ecological  trends  with  and  without  grazing, 
hemical  composition  of  forage,  diet  and  weight  gains  of  young  cattle,  fuel 
ccumulation,  tree  reproduction.  General  effect  of  tree  cover  on  undei-story 
egetation.  Based  on  Halls,  Southwell,  and  Knox,  1952. 

Dillard,  E.  U.,  and  Lucas,  H.  L. 


1951.    Grazing  and  fire  influences  in  pond  pine  forests.     N.  C. 
Agr.  Expt.  Sta.  Tech.  Bui.  97,  57  pp.,  illus. 

With  protection  from  grazing,  burning  favored  cane  in  competition  with 
hrubs,  but  buiTiing  increased  cane's  susceptibility  to  grazing  damage.  Fires 
lay  be  essential  for  regenerating  pond  pine  stands. 

Southwell,  B.  L.,  and  Stevenson,  J.  W. 

1953.    Grazing  longleaf-slash  pine  forests.     U.  S.  Dept.  Agr. 
Cir.  928,  31  pp.,  illus. 

From  March  to  September  cows  spent  a  high  proportion  of  their  time  on 
reas  prescribe-burned  the  previous  winter,  even  though  these  areas  were 
losely  grazed  and  forage  limited.  Cattle  gains  were  influenced  by  amount 
f  burned  area  available.  After  September,  cattle  were  more  willing  to  graze 
Lnburned  areas  where  forage  was  more  abundant.  Grazing  capacity  during 
he  spring  and  summer  should  be  based  entirely  on  the  burned  acreage;  at 
east  6  acres  per  cow  appears  to  be  needed. 

Jiggers,  P.  V. 
1934.    Observations  on  the  influence  of  fire  on  the  brown-spot 
needle  blight  of  longleaf  pine  seedlings.     Jour.  Forestry 
32 :  556-562,  illus. 

A  single  fire  will  greatly  reduce  brown-spot  infection  in  longleaf  seedling 
itands  for  the  first  season  and  often  to  a  lesser  extent  for  the  second  season. 
This  permits  retention  of  foliage  through  the  second  season — a  necessity  for 
eedling  growth.  Before  longleaf  seedlings  emerge  from  the  grass,  controlled 
vinter  burning  at  3-year  intervals  can  be  used  for  disease  control. 


1935.  Slash-disposal  methods  in  logging  shortleaf  pine.  U.  S. 
Forest  Serv.  South.  Forest  Expt.  Sta.  Occas.  Paper  42, 
5  pp.,  illus.     [Processed.] 

Piling  and  burning  reduces  fire  hazard  immediately,  but  costs  twice  as 
Tfiuch  as  lopping  and  scattering,  and  creates  unfavorable  soil  conditions  under 
3iles.  Neither  lopping  and  scattering  nor  piling  have  enough  advantage  over 
Dulling  tops  to  defray  the  cost.  There  is  little  fire  hazard  after  SV2  years, 
vhether  slash  is  treated  or  left. 


1944.    The  brown  spot  needle  blight  of  pine  seedlings.     U.  S. 
^  Dept.  Agr.  Tech.  Bui.  870,  36  pp. 

Single  fires  greatly  reduced  the  disease  for  the  first  season  and  often  to 
fi  lesser  extent  for  the  second.  Occasionally,  reduction  of  the  disease  was  still 
evident  after  three  seasons.  A  45-acre  fire  in  a  6-year  rough  reduced  the 
disease  for  1  year  but  only  slightly  at  the  end  of  2  years.  There  was  a  flight 
Df  air-borne  spores  from  dense  stands  of  infected  seedlings  surrounding  the 
burn  8  weeks  after  the  fire,  which  may  explain  the  brief  sanitary  eff"ect. 
attle  attracted  to  the  burn  by  green  grass  may  have  helped  transfer  conidia 
from  infected  to  healthy  needles.  Although  many  fires  stimulate  growth  by 
reducing  the  disease  for  2  years,  even  a  thousand-acre  burn  may  not  be 
effective  if  the  burn  is  surrounded  by  extensive  sources  of  inoculum  (such 
as  dense  infected  seedling  stands). 
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1945.    Controlling  the  brown  spot  needle  blight  of  longleaf  pine 
by  prescribed  burning.     AT-FA  Jour„  8   (1)  :  11.  Alsc 
in  Naval  Stores  Rev.  55   (25)  :  4,  8  and  Forest  Farmei 
5  (1):  8. 
Brown  spot  seriously   affects   longleaf  seedling  growth  when  the  needk 
kill  on  a  sample  of  100  or  more  seedlings  averages  35  percent.  Longleaf  seed- 
lings should  not  be  burned  until  they  are  in  their  second  season  of  growth 
A  good  time  to  burn  is  in  late  winter  prior  to  spring  growth  and  again  ir 
the  third  winter  thereafter,  provided  most  of  the  seedlings  have  become  badl> 
reinfected.  The  duration  of  disease  control  by  a  single  fire  is  affected  by  the 
size  of  area  burned,  and  the  presence  or  absence  of  nearby  dense  stands  oi 
infected  seedlings. 


1949.    Fire  and  the  southern  fusiform  rust.     Forest  Farmer  8' 
(5)  :  16,  21,  illus. 

Fires  in  six  young  slash  pine  plantations  in  Louisiana  and  Mississipp 
killed  branches  with  fusiform  cankers,  and  thus  reduced  the  number  of  cank- 
ered trees.  But  there  were  more  new  infections  on  the  burned  plots  than  or; 
unburned  check  plots,  possibly  because  fire  induced  an  earlier  break  in  wintei 
dormancy  and  provided  more  tender  foliage  and  shoots  when  spores  were 
flying.  Thus,  prescribed  burning  cannot  be  recommended  to  reduce  amouni 
of  fusiform  rust. 


f 
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1955.  Control  of  the  fusiform  rust  of  southern  pines.  Jour' 
Forestry  53 :  442-446. 

This  general  discussion  of  fusiform  rust  includes  the  consideration  of  fire 
included  in  the  reference  immediately  above.  A  single  winter  fire  may  kil 
some  cankered  branches  but  if  it  kills  needles  but  not  branches,  there  will  be 
an  unusually  early  spring  increase  in  new  needles  and  shoots  when  condi- 
tions favor  pine  infection.  The  end  result  of  single  fires  was  an  increase  ir 
number  of  new  cankers. 

Sims,  I.  H. 

1932.  Establishment  and  survival  of  yellow-poplar  following  ^ 
clear  cutting  in  the  southern  Appalachians.  Jour.  For- 
estry 30 :  409-414,  illus. 

Although  the  first  four  years  following  cutting  showed  an  advantage  ii 
number  of  established  seedlings  of  burning  over  not  burning,  subsequen 
competition  from  ferns  and  other  vegetation  nearly  eliminated  the  initia 
seedling  stand. 


1932.  Specific  differences  in  basal  wounding  by  fire  of  southerr 
Appalachian  hardwood  trees.  Abstract  in  Jour.  Elishr 
Mitchell  Sci.  Soc.     Oct. 

An  abstract  based  on  a  study  of  300  mixed  hardwood  trees  following  : 
spring  forest  fire.  The  study  indicates  the  relation  between  external  bark  dis 
coloration  and  wound  size. 


Smith,  L.  F.,  Campbell,  R.  S.,  and  Blount,  C.  F. 

1955.    Forage  production  and  utilization  in  longleaf  pine  forest; 
of  south  Mississippi.     Jour.  Range  Mangt.  8 :  58-60,  illus 

Protein  and  phosphorous  contents  of  ung  razed  grass  were  only  slightl;> 
higher    on    burned    than    unburned    areas.    Although    these    differences    wer^ 
unimportant,  cattle  preferred  to  graze  on  fresh  burns,  where  they  utilize< 
from  60  to  90  percent  of  the  forage,  as  against  averages  of  13  and  19  percen 
on  unburned  range. 
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Stephenson,  G.  K. 

1955.    Better  seedling  survival  is  goal  of  new  research.     Texas 
Forest  News  34  (3)  :  3,  7,  illus. 

Reports  on  an  excellent  stand  of  first-year  seedling's  established  on  a  pic- 
cribed  burn.  The  stand  survived  the  1952  drought.  The  removal  of  competing 
trees  by  cutting,  hardv/ood  control,  or  fire  may  make  more  moisture  available 
for  seedlings. 

and  Young,  D. 

1954.    1955  pine  cone  crop  should  influence  forest  management. 
Texas  Forest  News  33  (3)  :4,  6-7. 

Sugg-ests  that  on  selected  areas,  where  competing-  hardwoods  aie  small 
md  vulnerable,  owner  may  use  prescribed  fires  to  prepare  stands  for  repro- 

iuction. 

Btone,  E.  L.,  Jr. 
1942.    Effect  of  fire  on  radial  growth  of  longleaf  pine.     U.  S. 
Forest  Serv.  South.  Forest  Expt.  Sta.  South.  Forestry 
Notes  43.      [Processed.] 

1,200  longleaf  pine  increment  cores  from  Mississippi  and  Louisiana  wei-e 
examined.  Trees  less  than  6  inches  d.  b.  h.  lost  0  to  65  percent  radial  growth 
n  the  first  yeai'  after  a  fire.  The  average  loss  was  23  percent.  Larger  tiees 
ost  up  to  35  percent,  averaging-  19  percent.  Usually  the  second  year's  growth 
vas  essentiallv  normal. 


1944.    Effect  of  fire  on  taper  of  longleaf  pine.     Jour.  Forestry 
42:  607. 

Fires  causing  50  percent  or  more  defoliation  of  longleaf  pine  5  to  (5  inches 
I.  b.  h.  reduced  diameter  g-rowth  most  at  breast  height  and  successively  less 
it  heights  up  to  20  and  28  feet.  This  reduction  decreased  stem  taper. 


1953.  Forest  soil  problem  analysis  on  the  Crossett  area.  U.  S. 
Forest  Serv.  South.  Forest  Expt.  Sta.,  25  pp.  [Proc- 
essed.] 

Discusses  concern  over  site  deterioration  through  continuous  cropping  of 
)ines,  removal  of  hardwood  by  fire  or  timber  stand  improvement  measures, 
)r  by  direct  fire  effects.  There  is  no  evidence  of  much  effect  on  site  by  the 
irst  two,  but  where  fire  is  frequent  enough  to  keep  the  soil  bare  much  of  the 
ime,  physical  deterioration  may  be  rapid.  Existing  studies  indicate  only 
'ninor  effects  by  single  fires  on  water  entrance  into  soil  and  on  relative  supply 
)f  nutrients  in  Coastal  Plains  soils. 

5uman,  R.  F.,  and  Carter,  R.  L. 

1954.  Burning  and  grazing  have  little  effect  on  chemical  pro])- 
erties  of  Coastal  Plain  forest  soils.  U.  S.  Forest  Serv. 
Southeast.  Forest  Expt.  Sta.  Res.  Note  56,  2  pp.  [Proc- 
essed.] 

After  8  years  of  grazing  and  several  rotations  of  winter  bui-ning,  soil 
)i-ganic  matter,  phosphate,  and  potash  were  practically  the  same  as  for 
mgrazed  unburned  areas. 

and  Halls,  L.  K. 

1955.  Burning  and  grazing  affect  physical  properties  of  Coastal 
Plain  forest  soils.  U.  S.  Forest  Serv.  Southeast.  Forest 
Expt.  Sta.  Res.  Note  75,  2  pp.,  illus.      [Processed.] 

Volume-weight  and  water-absorbing  properties  of  Coastal  Plain  soils  are 
iltered  through  compaction  effects  of  g-razing-  when  litter  is  removed  by 
)urning. 
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Toole,  E.  R.,  and  McKnight,  J.  S. 

1955.    Fire  and  the  hapless  hardwood.     South.  Lumberman  191'  | 
(2393)  :  181-182,  illus. 

A  1,200-acre  fire  in  November  1952  burned  through  a  70-acre  experiment 
in  the  management  of  bottomland  hardwoods.  Losses  included  complete  kill 
of  trees  up  to  1  inch  d.  b.  h.,  mortality  of  two-thirds  of  1-  to  2-inch  trees, 
and  35  percent  kill  of  3-inch  to  5-inch  trees.  With  headfire  or  where  there 
was  logging  slash,  90  percent  of  the  trees  over  6  inches  were  killed  or  severely 
damaged.  Even  where  flames  were  least  hot,  losses  of  larger  trees  were  20 
percent.  Guides  for  salvage  and  for  estimating  extent  of  rot  are  included. 
and  McKnight,  J.  S. 

1955.  Fire  damage  to  hardwood  trees  shown  in  Delta.  Miss. 
Farm  Res.  18  (9)  :  1,  8,  illus.  and  Miss.  Agr.  Expt.  Sta.. 
Serv.  Sheet  432,  2  pp.,  illus. 

Substantially  the  same  as  article  cited  immediately  above. 

Verrall,  A.  F. 

1936.    The  dissemination  of  Septoria  acicola  and  the  effect  oi. 
grass  fires  on  it  in  pine  needles.     Phytopathology  26:l||J; 
1021-1024. 

Temperatures  that  kill  needle  tissue  kill  the  brown  spot  in  that  tissue 
Needles  with  scorched  tips  may  have  brown-spot  infections  in  green  basa 
portions  after  fire. 

Wahlenberg,  W.  G. 

1934.    Dense   stands   of  reproduction   and   stunted   individua 

seedlings  of  longleaf  pine.     U.    S.  Forest  Serv.  South 

Forest  Expt.  Sta.  Occas.  Paper  39,  16  pp.,  illus.     [Proc 

essed.] 

Longleaf   seedlings   may   remain   stunted   for  long  periods   in   overdens^ 

stands,  and  be  repeatedly  injured  by  brown  spot  or  fire.  Brown  spot  tends  t 

damage  the  larger  seedlings,  thus  retarding  expression  of  dominance,  whil 

fire  often  does  more  damage  to  smaller  seedlings,  thus  promoting  expression 

of  dominance. 


1935.    Effect  of  fire  and  grazing  on   soil  properties  and  th 

natural  reproduction  of  longleaf  pine.     Jour.  Forestr:f 
33  :  331-338.  ^ ' 

With  fire  protection,  loblolly  and  slash  pines  become  established  o 
former  longleaf  lands.  Ten  years  of  protection  affected  physical  soil  prope: 
ties  favorably,  but  chemical  properties  unfavorably.  Effect  of  4  annual  winU 
burns  on  longleaf  cone  production  was  negligible.  Fire  just  before  seedfa 
increased  the  number  of  seedlings  that  geiTninated  and  started  growth.  Fi] 
3  months  after  seedfall  killed  most  longleaf  seedlings.  Neither  complete  fi] 
exclusion  nor  annual  burning  results  in  satisfactory  longleaf  regeneratio 
Probably  periodic  controlled  burning  will  improve  longleaf  seedling  growt 
See  Wahlenberg,  W.  G.,  Greene,  S.  W.,  and  Reed,  H.  R.,  1939. 


SISS 


1935.    Fire  in  longleaf  pine  forests.     U.  S.  Forest  Serv.  Sout] 
Forest  Expt.  Sta.  Occas.  Paper  40,  4  pp.       [Processed 

Controlled  burning  may  be  used  for  longleaf  seedbed  preparation  ai 
disease  control,  and  for  hazard  reduction  in  all  southern  pines,  saplings  ai 
larger.  Controlled  burning  requires  planning  and  trained  pei"Sonnel,  ai 
benefits  must  be  weighed  against  costs  and  damage. 


1936.  Effect  of  annual  burning  on  thickness  of  bark  in  secor 
growth  longleaf  pine  stands  at  McNeill,  Miss.  Jou 
Forestry  34:  79-81. 

Two  adjacent  stands  had  been  burned  frequently  prior  to  1924.  One  w 
burned  annually  from  1924-34  and  the  other  protected  against  fire.  Measui 
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nents  on  1,400  trees,  from  2  to  8  inches  in  diameter,  indicated  that  the  double 
)ark:  thickness  of  unburned  trees  was  0.066  inch  greater  than  that  of  annually 
)urned  trees.  Neglecting-  this  bark  difference  might  cause  errors  of  2y2  per- 
cent in  computed  volume,  but  for  most  purposes  the  difference  is  negligible. 


1946.  Longleaf  pine.  Pack  Forestry  Foundation,  Washington, 
D.  C,  in  cooperation  with  Forest  Serv.,  U.  S.  Dept.  Agr. 
429  pp.,  illus. 

This  comprehensive  monograph  reviews  all  literature  through  1944,  and 
ncludes  some  otherwise  unpublished  information. 

Greene,  S.  W.,  and  Reed,  H.  R. 

1939.    Effects  of  fire  and  cattle  grazing  on  longleaf  pine  lands 
as  studied  at  McNeill,  Mississippi.     U.   S.   Dept.  Agr. 
Tech.  Bui.  683,  52  pp.,  illus. 
Annual  winter  burning  of  uncontrolled  intensity  retarded  growth  of  long- 

if  pine  saplings  by  V5  in  diameter  and  %  in  height  in  a  5-year  period. 
»Ieither  annual  burning,  which  defoliated  seedlings,  nor  fire  exclusion,  which 
)ermitted  brown  spot  to  defoliate  seedlings,  was  successful  in  bringing  long- 
eaf  seedlings  out  of  the  grass.  Burned-over  soils  had  slightly  more  favorable 
hemical  characteristics  and  slightly  less  favorable  physical  characteristics 
han  unburned  soils.  Successful  regeneration  of  longleaf  pine  where  brown 
pot  is  present  may  depend  on  a  system  of  periodic  controlled  burning.  Annual 
dnter  burning  yielded  better  forage  than  did  fire  exclusion,  which  permitted 
)ine  litter  and  accumulated  dead  grass  to  reduce  growth  of  grass  and  legumes 
,nd  the  number  of  herbaceous  plants.  On  burned  areas,  cattle  gained  37  per- 
ent  more  in  7  months  of  summer  grazing  than  on  unburned  areas.  Grazing 
iffected  compaction  of  surface  soil  about  half  as  much  as  fire.  With  unburned 
i,nd  ungrazed  areas  as  a  comparison,  unburned  and  grazed  soils  were  84  per- 
ent  as  penetrable;  burned  and  ungrazed,  67  percent;  and  burned  and  grazed, 
6  percent. 

Vakeley,  P.  C. 

1931.  Effect  of  a  single  fire  on  planted  slash  pine.  U.  S.  Forest 
Serv.  Forest  Worker  7  (2)  :  11. 

A  fire  in  January  1930  burned  half  of  a  4-year-old  slash  pine  plantation 
bout  8  to  9  feet  tall.  A  year  later,  sui*vival  was  8.2  percent  lower  on  the 
►umed  half  and  height  was  1.2  feet  less.  The  plantation  was  in  south  Mis- 
issippi. 

1931.  The  inside  story  of  slash  pine  on  areas  subject  to  fre- 
quent fires.  U.  S.  Forest  Serv.  Forest  Worker  7  (1)  : 
11-12. 

In  southeast  Louisiana,  a  good  slash  pine  seed  crop  in  1924  regenerated 

,000  acres  of  cutover  land.   The  area  had  been  frequently  burned  prior   to 

is  time  but  thereafter  escaped  fire  until  the  winter  of  1928-29,  when  most 

f  it  burned.  Other  fires  the  following  winter  finished  the  job,  and  today  there 

no  visible  evidence  that  the  area  was  once  well  stocked  with  slash  pine 

eedlings. 


1935.    Artificial  reforestation  in  the  southern  pine  region.     U.  S. 
Dept.  Agr.  Tech.  Bui.  492,  115  pp. 

In  southern  pine  plantations,  longleaf  is  most  fire  resistant,  slash  next; 
I'oblolly  and  shortleaf  are  most  readily  damaged  by  fire.  However,  fire  defolia- 
ion  generally  causes  a  growth  loss.  All  pines  increase  in  fire  resistance  with 
ncreasing  age.  Generally,  mortality  for  slash  and  loblolly  in  the  first  2  or  3 
pears  is  essentially  complete.  Winter  fires  are  less  damaging  than  fires  in  the 
trowing  season.  It  is  a  moot  question  whether  freedom  from  brown  spot 
)btained  by  burning  completely  offsets  the  damage  done  by  the  fires  them- 
lelves. 
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1944.  Where  and  how  can  the  pines  be  reproduced.  South 
Lumberman  169  (2129)  :  140-145,  illus. 

A  survey  in  four  widely  separated  counties  in  Alabama  indicated  (amon| 
several  other  minimum  requirements)  that  freedom  from  fires  for  at  least  ( 
years  is  needed  to  get  adequate  loblolly  or  shortleaf  reproduction.  See  Brink 
man,  K.  A.,  and  Swarthout,  P.  A.,  1942. 


1947.    The  1947  cone  crop  and  forest  fires.     U.  S.  Forest  Serv 

South.    Forest    Expt.    Sta.    South.    Forestry    Notes    51 

[Processed.]     Also   in  Forest   Farmer   6    (12)  :    5   anc 

South.  Lumberman  175  (2201)  :  184. 

To  take   advantag'e  of  the   good   1947   pine    seed  crop,  forest    fires   mus 

be  excluded  until  longleaf  seedlings  are  at  least  1  year  old  and  other  pine; 

are  5  feet  to  10  feet  tall. 


1954.  Planting  the  southern  pines.  U.  S.  Dept.  Agr.,  Agr 
Monog.  18,  233  pp.,  illus. 

Longleaf  is  the  most  fire-resistant  southern  pine,  slash  next,  and  shortlea 
and  loblolly  are  the  most  easily  fire  damaged,  but  shortleaf  up  to  4  years  oL 
sprouts  readily  after  fire.  Planting  site  preparation  by  burning  may  no 
improve  survival  but  may  reduce  planting  and  fire  protection  costs,  and  ma; 
retard  brown-spot  infection  of  longleaf  and  reduce  rodent  concentrations 
But  burning  will  kill  small  volunteer  slash  and  loblolly,  and  may  attrac 
cattle  to  the  area.  Burning  may  also  increase  exposure  to  freezing  or  sprini 
insolation.  Prescribed  burning  of  longleaf  plantations  for  brown-spot  contrc 
should  be  done  in  January  or  February  before  more  than  35  percent  of  th 
needles  are  killed  by  the  disease. 

and  Muntz,  H.  H. 


1947.    Effect  of  prescribed  burning  on  height  growth  of  long; 

leaf  pine.     Jour.  Forestry  45:   503-508,  illus.     Also  i' 

Naval  Stores  Rev.  57  (30)  :  11,  24-25,  illus. 

A   40-acre   longleaf  pine   plantation   in   central   Louisiana   established   i 

1935  was  prescribe-burned  January  1938,  at  which  time  brown-spot  infectio 

averaged  37  percent  needle  kill.  It  was  burned  a  second  time  in  Februar 

1941.  In  July  1946,  survival  was  the  same  as  on  a  nearby  unburned  60-acr 

plantation,  but  height  growth  on  the  burned  plantation  was  far  superior.  I 

the  burned  plantation,  64  percent  of  the  living  trees  were  above  4  V2  feet  i 

height  as  compared  with  22  percent  on  the  unburned.  Much  of  the  superic 

growth  seems  due  to  brown  spot  control  by  fire. 

Wyman,  L. 

1922.  Results  from  sample  plots  in  southern  pines  experiments 
Jour.  Forestry  20 :  780-787. 

A  report  on  5  sets  of  plots  at  Urania,  Louisiana,  including  the  Roberi 
plots,  on  which  were  obsei-ved  the  effects  of  annual  burning  (starting  a  yet 
after  germination)  and  fencing  to  exclude  hogs.  Hogs  destroyed  all  longle^ 
on  unfenced  plots  in  the  first  year.  The  fires  did  not  materially  affect  surviv; 
of  longleaf  but  killed  all  shortleaf  and  loblolly.  In  September  1921,  the  8-yea 
old  longleaf  averaged  22  inches  in  height  on  the  unburned  plot  but  only  ] 
inches  on  the  burned.  The  few  trees  killed  by  the  January  1921  fire  we] 
practically  all  in  the  6-inch  to  18-inch  height  class.  None  over  2.5  feet  ; 
height  w^as  killed.  The  increased  fire  hazard  on  the  protected  plot  was  den 
onstrated  by  a  breakover  that  killed  or  caused  to  sprout  39  percent  of  tl 
trees  as  against  21  percent  on  the  frequently  burned  plot  (which  had  le: 
fuel).  Brown-spot  disease  weakens  longleaf  seedlings  and  kills  some.  Only  4 
percent  of  the  trees  on  the  burned  plot  were  diseased  9  months  after  burnin 
as  against  66  percent  on  the  unburned  plot.  It  is  suggested  this  may  be  di 
to  fire  killing  of  diseased  trees.  See  Bruce,  D.,  1947;  and  Hine,  W.  R.  B.,  192. 
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C.  A.  Rickard. 


Linen  hose  survives  the   fire 11- 

Arcadia  Equipment  Development  Center. 

Use  of  power  saws  in  fireline  construction Hi 

Edward  E.  Bailey. 

Administrative  pickup  fire  fighting  unit 12^l{ 

State  of  Washington,  Division  of  Forestry. 

Airplanes  and  fire  control  in  the  Southwest 12:1 

Franklin  O.  Carroll. 

Dunk  that  chunk 12 

Robert  Jordan. 

Cap  designed  to  cover  access  hole  in  roof  of  tower  cab 12 

H.  H.  Garth. 

The    Gordon   Bade   water   rake 12 

R,  E.  Reinhardt. 

Prescribed  burning  in  shortleaf-loblolly  pine  on  rolling  uplands  in  East 
Texas  18 

E.  R.  Ferguson. 

Fire-danger   board .  13 

R.  T.  Files. 

Self-loading  tanker  unit   (patented) 13 

Wm.  Eden. 

Rural  Public  Relations 13 

Glenn  R.  Durrell. 


HOW  TO  USE  CFFP  MATERIAL 

William  W.  Huber 
Director,  Cooperative  Forest  Fire  Prevention 

The  Cooperative  Forest  Fire  Prevention  Program  will  be  16 
years  old  in  1957.  The  theme  of  the  '57  Smokey  program  is 
'Thanks  folks  for  preventing  forest  fires."  The  "thanks"  are  in 
order  too,  because  forest  fires  have  been  reduced  from  210,000  in 
1942  to  less  than  145,000  in  1956.  During  this  time  the  use  of 
our  forests  has  increased  threefold.  Annual  acreage  losses  due  to 
forest  fires  have  dropped  from  32  million  to  less  than  9  million. 

Yes,  it  is  timely  to  thank  folks  for  preventing  forest  fires  and 
also  to  thank  the  Keep  Green  Associations,  the  forest  fire  pro- 
tective associations,  and  the  many  other  organizations  and  indus- 
tries that  have  made  the  reduction  of  fires  and  fire  losses  possible. 
But  the  job  is  not  done;  there  is  still  much  to  do,  and  all  CFFP 
materials  must  be  put  to  the  best  use  to  keep  the  public  alert  to 
forest  fire  prevention. 

The  Smokey  program  is  built  around  cooperation.  The  more 
people  who  help  with  the  program,  the  more  people  who  will  pre- 
vent forest  fires.  Therefore,  the  program  is  aimed  at  mass  educa- 
tion of  the  public  by  seeking  all  the  help  possible.  Foote,  Cone  and 
Belding,  Inc.,  of  Los  Angeles,  Calif.,  is  the  advertising  firm  that 
is  the  task  force  for  The  Advertising  Council,  Inc.,  forest  fire 
prevention  campaign.  This  firm  actually  handled  the  program 
even  before  it  was  one  of  their  regular  accounts,  since  the  plan  to 
initiate  a  national-forest  fire  prevention  program  was  written  by 
Don  Belding  before  CFFP  was  organized.  We  have  some  of  the 
best  help  in  the  advertising  business. 

We  have  excellent  distribution  of  material  by  T.V.,  radio, 
newspapers,  magazines,  bus  cards,  post  office  trucks,  subway 
posters,  and  movies.  This  is  m.ade  possible  as  a  public  service  by 
The  Advertising  Council,  Inc.  But  there  is  a  weakness,  and  that 
is  in  the  proper  point-of-sale  use  of  the  material  in  localities  where 
prevention  is  most  needed.  The  printing  of  millions  of  Smokey 
posters,  bookmarks,  stamps,  and  booklets  does  not  get  the  job 
done.  This  material  must  be  displayed  in  the  right  places  or  put 
in  the  right  hands  and  in  such  a  way  as  to  stimulate  interest  and 
respect. 
Some  ways  to  use  CFFP  items  most  effectively : 

1.  Posters.  The  posters  are  printed  on  paper  and  water- 
proofed cardboard.  They  are  printed  for  use  and  not  storage.  The 
paper  posters  are  printed  for  use  indoors  or  where  they  have 
protection  from  the  weather.  The  cardboard  posters  are  used 
either  inside  or  out.  All  posters  should  be  replaced  or  taken  down 
when  weathered  or  torn. 

The  Government  Printing  Office  prints  the  year  for  which 
the  material  is  intended  as  follows :  '57-CFFP-4a.  There  will  also 
be  1^  U.  S.  Government  Printing  Office:  1957-0-367345,  etc. 
The  i^V=outside  contract,  not  printed  by  U.  S.  G.  P.  0. ;  1957=year 
printed ;  0=offset  printing;  and  finally  jacket  or  file  number;  but 
the  main  thing  to  look  for  is  '57-CFFP-4b.  This  gives  the  year  of 
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the  CFFP  program  and  the  4a  or  4b  stands  for  the  item,  number 
4  being  the  rules  poster  and  "a"  meaning  paper  poster,  ''b" 
meaning  waterproofed  cardboard  poster. 

Display  the  paper  posters  prominently  in  all  forestry  build- 
ings, and  on  bulletin  boards,  as  well  as  in  store  windows,  meeting 
halls,  and  under  shelter  on  recreation  areas.  The  rules  poster  for 
1957  (fig.  1)  has  special  appeal  to  conservation  groups  and  school 


■  ^^pi 


MEMO 

FROM 

SMOKEY! 


]^^mBmSm.-  Only  you  can 
PREVENT  FOREST  FIRESI 


Figure  1. — Rules  poster. 
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groups  and  teachers.  Put  cardboard  posters  on  panels  and  mount 
them  on  forest  fire  equipment  or  on  outside  poster  mounts.  But 
be  sure  to  obtain  permission  to  put  up  the  posters  on  private  prop- 
erty. This  is  also  a  good  time  to  talk  forest  fire  prevention.  Post- 
ers are  ideal  for  fair  booths,  exhibits,  window  displays,  etc.  Put 
them  up  carefully  and  take  them  down  timely ! 

2.  Bumper  strips  are  for  use  on  car  and  truck  bumpers.  P'or- 
estry  agencies  are  encouraged  to  use  them  on  all  vehicles  fore  and 
aft.  When  sufficient  supply  is  available,  State  police,  game  war- 
dens, county  agents,  and  county  health  people  can  be  asked  to  use 
the  bumper  strips. 

3.  Bookmarks,  stamps,  and  calendars.  These  items  are  termed 
handouts  and  as  such  do  an  important  job.  They  are  made  for 
use  by  school  teachers,  business  offices,  banks,  and  store  counters, 
and  for  mailing.  The  calendar  fits  desks  in  motels,  hotels,  of- 
fices, and  schools.  All  letters  mailed  from  forestry  offices  to  the 
public  should  have  Smokey  stamps.  Other  conservation  agencies 
and  organizations  should  be  encouraged  to  use  the  stamps.  The 
bookmarks  in  '57  are  larger  and  fit  9i/2x4-inch  envelopes;  they 
can  be  given  to  libraries  and  schools  for  use.  Banks,  churches,  and 
places  of  business  can  be  asked  to  distribute  bookmarks. 

4.  Easels  and  wobblers.  The  easel  should  be  used  in  Chamber 
of  Commerce  offices,  airports,  railroad  ticket  offices,  school 
principals'  offices,  and  forestry  and  other  resource  offices  both 
public  and  private.  Offices  in  county  courthouses  should  have 
either  the  easel  or  wobbler.  The  wobbler  (fig.  2)  is  smaller  than 

How  to  set  up  SMOKBY^^ ohVAer  Eye-catchers 


Q-"""'  'd^r'  ? 


1.  Peel  off  glassine  paper 
from  adhesive  base,-  use 
point  of  knife  if  necessary. 


2.  Insert  wire  thru 
base  from  ad- 
hesive side. 


3.  Slip  card  slots  over 
hairpin  end  of  wire; 
place  in  position  and 
press  adhesive  down. 


Place  "SMOKEY"  Wobblers  on  counters, 
cash  registers,  display  cases,  etc.  .  .  .  any- 
thing with  a  smooth  hard  surface.  Any 
little  vibration  or  "bumping"  sets  them  in 
motion,   attracting   attention    to    message. 

Figure  2. — Wobbler. 
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the  easel  and  can  be  used  at  bank  tellers'  windows  and  on  cash 
registers  in  sporting  goods  stores,  and  other  stores  and  market 
places. 

5.  Radio  platters  and  TV  spots.  The  radio  platters  and  the  TV 
spot  films  (1-minute,  20-second,  and  10-second  animated  car- 
toons of  Smokey)  are  available  through  Smokey's  Headquarters, 
U.  S.  Forest  Service,  Washington,  D.  C,  or  the  State  Forester's 
office.  The  Advertising  Council,  Inc.,  25  W.  45th  Street,  New 
York  City,  arranges  for  support  of  radio  and  TV  stations.  Two 
television  kits  featuring  the  Smokey — Little  Boy  series  will  be 
sent  out  directly  to  television  stations  by  The  Advertising  Coun- 
cil. Forestry  personnel  will  be  informed  of  these  mailings  so  that 
they  can  personally  contact  the  TV  stations  to  stimulate  the  use 
of  these  TV  spots. 

6.  Newspaper  ads.  The  Advertising  Council  makes  mailings 
of  ads  to  newspapers,  magazines,  and  house  organs,  but  here 
again,  personal  contact  of  the  local  editors  by  agency  representa- 
tives will  get  the  job  done.  The  Advertising  Council  is  like  an 
agent  working  for  forest  fire  prevention;  however,  our  people 
are  on-the-ground  performers  who  by  personal  contacts  can  use 
the  ounce-of -prevention  work  that  may  save  that  pound-of -sup- 
pression work. 

7.  Biis  cards,  three-sheet  posters,  and  post  office  truck  posters 
are  distributed  by  The  Advertising  Council,  Inc.,  or  by  Smokey's 
Headquarters.  A  limited  supply  is  available  to  foresters  for  dis- 
play purposes.  The  bus  or  car  card  is  used  in  trollies  and  buses. 
A  supply  is  available  for  forestry  agencies'  use.  The  three-sheet 
poster  has  been  popular  for  use  at  fairs  and  exhibits  and  on  floats. 
When  mounted  on  a  cardboard,  these  make  excellent  displays. 
The  post  office  truck  poster  is  also  ideal  for  display  purposes. 

8.  CFFP  Material  Kit.  This  kit  is  used  for  distribution  to 
large  concerns,  schools,  conservation  organizations,  civic  organiza- 
tions, editors  of  magazines  and  newspapers,  managers  of  radio 
and  TV  stations,  and  managers  of  timber  associations  and  com- 
panies who  are  interested  in  forest  fire  prevention.  They  all  have 
a  vital  stake  in  preventing  man-caused  fires. 

9.  Smokey  Bear  Story  of  the  Forest,  This  booklet  has  been 
distributed  to  more  than  4  million  children.  It  is  used  as  regular 
text  in  many  schools.  Schools  and  libraries  will  be  glad  to  get  this 
booklet,  and  rangers,  district  foresters,  and  fire  wardens  should 
all  carry  a  supply. 

10.  Other  booklets.  Forest  and  Flame  in  the  Bible  and  You 
and  Forest  Fires  are  also  very  popular  and  can  be  used  in  churches 
as  well  as  schools.  4H,  FFA,  and  other  youth  groups  are  making 
use  of  these  publications. 

11.  Junior  Forest  Ranger  Kits.  These  kits  are  distributed  on 
request.  However,  the  demand  for  them  is  now  so  great  that  we  |cotii 
have  asked  radio  and  TV  announcers  not  to  mention  that  they  are 
available.  We  have  also  discouraged  magazine  and  newspaper  ed-  L 
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itors  from  using  stories  about  this  phase  of  the  Smokey  Bear  pro- 
gram. Nearly  a  million  kits  have  been  mailed  since  1952.  The 
youngsters  are  anxious  to  help  Smokey  and  the  field  is  wide  open, 
but  our  present  efforts  in  this  respect  must  be  limited. 

12.  Special  posters.  These  posters  hit  at  specific  fire  prevention 
problems.  The  debris  or  brush-burning  poster  is  one  example.  The 
3olorful  1957  range  poster  (fig.  3)  aimed  at  the  prevention  of 
^rass  fires  is  another.  We  also  have  developed  Red  Cross  posters, 
G^irl  Scout  posters,  Boy  Scout  posters  and  many  other  types  of 
special  posters.  They  are  made  for  wide  use  and,  although 
special  in  design,  can  be  used  in  many  areas.  We  wish  to  en- 
tourage more  use  of  special  posters,  and  we  hope  every  forester 
m\\  carefully  review  the  new  ones  to  see  whether  they  meet  some 
leed  in  their  area. 

PROTECT  YOUR  HERITAGE 


fKElf tN  I  wf  KMNvE  rlKKv  • 

Figure  3. — Range  poster. 

13.  Commercial  educational  items.  Under  the  Smokey  Bear 
.aw  of  May  1952  (Public  Law  359,  82nd  Congress),  the  Secre- 
ary  of  Agriculture  is  authorized  to  enter  into  agreements  with 
manufacturers  for  the  use  of  the  Smokey  Bear  symbol  for  educa- 
ional  items  that  will  further  forest  fire  prevention.  The  article 
flust  be  in  good  taste  and  of  high  standards.  Under  this  law,  some 
10  items  have  been  licensed. 

Some  of  the  best  sellers  at  present  are  Smokey  Bear  dolls, 
omic  books.  Golden  Books,  Smokey  ash  trays,  tee  shirts,  blan- 
[ets,  scarves,  and  Smokey  snuffers.  These  items  are  inexpensive 
jnd  very  popular,  and  many  conservation  groups  are  using  them 
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for   promotional   material.    Lumber    companies   are   giving   out 
snuffers  to  interest  people  in  forest  fire  prevention,  and  women's 
conservation  groups  are  buying  the  Smokey  Bear  comic  books  at  | 
$6.00  per  hundred  for  schools  and  libraries. 

Other  commercial  educational  items  that  are  planned  for  1957 
are  a  Smokey  badge,  a  new  Smokey  Bear  doll,  and  a  Smokey 
newspaper  comic  strip.  The  Fairmont  Foods  Company's  product, 
Smokey's  Maple  Crunch  ice  cream,  is  very  popular,  and  Fairmont 
Company  is  carrying  on  a  nationwide  program  to  find  a  name 
for  Smokey's  friend,  a  little  fawn.  This  program  is  getting  goodj 
coverage  and  creating  interest  in  forest  fire  prevention. 

The  Smokey  Bear  program  is  now  international;  the  Canadian |pl 
Forestry  Association  has  entered  into  a  cooperative  agreement  tc 
sponsor  Smokey  in  Canada.  Other  countries  have  expressed  an  in- 
terest in  similar  agreements.  The  whole  world  is  looking  to  us  tcj:al 
make  a  success  of  the  cooperative  forest  fire  prevention  pro- 
gram. Forest  fire  statistics  will  tell  the  story.  Smokey  has  done  a 
good  job  up  to  now,  but  a  better  job  is  needed.  With  more  at- 
tention to  the  use  of  CFFP  material,  a  better  job  can  be  done. 


^       ^       ^ 

Protect  Tool  Handles  From  Powder- Post  Beetle  Damage 

For  the  past  4  years  we  have  been  successfully  treating-  the  handles  oJf 
tools  held  in  fire  caches  or  storage  against  damage  by  powder-post  beetles 
Our  treating  vat  is  made  of  2  pieces  of  6-inch  eaves  trough  soldered  in  thee 
form  a  "T."  One  6-foot  and  one  18-inch  piece  are  used  and  the  3  end.'li 
are  capped  with  regular  end  caps.  The  vat  is  so  shaped  in  order  to  accom 
modate  tools  that  are  already  handled.  We  use  a  commercially  preparer 
solution  that  contains  4.37  percent  pentachlorophenol  by  volume.  The  handler 
are  soaked  from  3  to  5  minutes  in  the  solution  and  then  stood  on  end  for  a 
few  minutes.  They  are  then  ready  for  storage. 

Our  vat  permits   economical   use   of  the  solution   and  is  adequate  ion 
district  needs.  If  a  larger  vat  were  needed,  it  could  be  made  from  a  spli't 
hot-water  tank.  Caution  should  be  used  in  handling  the  pentachloropheno 
solution  because  it  is  irritating  to  the  skin  and  eyes. — John  D.  Whitmore! 
Jefferson  National  Forest. 


AIR  TANKERS— A  NEW  TOOL  FOR  FOREST 
FIRE  FIGHTING' 

rosEPH  B.  Ely,  Fire  Control  Officer,  Mendocino  National  Forest;  Arthur 
W.  Jensen,  Forester,  Division  of  Forest  Fire  Research,  California  Forest 
and  Range  Experiment  Station;  Leonard  R.  Chatten,  State  Forest  Rang- 
er, California  State  Division  of  Forestry;  and  Henry  W.  Jori,  Pilot,  Region 
5,  U.  S.  Forest  Service, 

Tactical  air  support  for  ground  fire  fighters  is  a  step  nearer  to 
•eality.  Seven  agricultural-type  airplanes  converted  for  bulk  wa- 
er  drop  became  part  of  the  fire-fighting  force  in  California  in 
'\ugust  1956.  These  planes  fought  25  fires  from  Oregon  to  the 
Vlexican  border  by  cascading  100-  to  150-gallon  loads  of  liquid 
;hrough  a  dump  valve  in  the  bottom  of  their  belly  tanks.  The 
Dlanes,  flown  by  northern  California  agricultural  pilots,  made 
nore  than  1,350  trips  and  dropped  a  total  of  83,120  gallons  of 
vater  and  65,990  gallons  of  a  fire  retardant,  sodium  calcium  bov- 
ite  mixture  (table  1). 

Table  1. — Use  of  air  tankers  by  U.  S.  Forest  Service  and 
California  Division  of  Forestry,  1956^ 


Date   and  place 


Name    of    fire 


Water 


Retard 
ant 


Total 
drops 


Effect  on  fire 


Help 


No      Ad- 
help   verse 


V12: 

5/20 
5/20 
V20 
^20 
V20 
?/22 
5/25 
5/26 
5/27 
5/28 
5/28 
V28 
/29 
p/9 
9/10 
i9/ll 
9/12 
9/17 
9/21 
9/22 
9/25 
9/30 
11/23 
11/24 


Shasta    Co. 

Shasta-Trinity.. 

Lassen 

Mendocino 

Shasta-Trinity.. 
Shasta-Trinity.. 
Shasta-Trinity.. 
Shasta-Trinity.. 

Shasta  Co 

Klamath 

Mendocino  Co.. 
Mendocino  Co.. 
Mendocino  Co.. 

Siskiyou  Co 

Angeles 

Cleveland 

Cleveland 

Riverside  Co 

Lassen 

Mendocino  Co... 
San  Bernardino 

Riverside  Co. 

Shasta-Trinity.. 
San  Bernardino 
Cleveland 


Total 25  fires 


Beegum   #1 

Horr's   Corner.... 

Mill   Creek 

Potato  Hill 

Papoose   Hill 

Cinder  Cone 

Lava   Cave 

Bohemotash 

Beegum    #2 

Serpentine 

Aero    Stud 

E.  C.  Anderson... 

Fomo    Corp 

Widow  Springs. 

Dunsmore 

Pine    Mt 

Cornwell 

De  Luz 

Lodgepole 

Public  Domain... 

McKinley 

Potrero 

Steep  Hollow 

East  Highland... 
Inaja 


Gals. 
4,000 

910 
4,400 
3,600 

600 


2,000 

1,200 

1,200 

2,520 

3,360 

240 

360 

840 

4,560 

7,245 

13,225 

460 

1,680 

1,440 

24,480 


4,800 


Gals. 
200 


200 
200 
200 
400 


80 
6,200 
6,100 

200 


25,400 

700 

700 

2.410 

2S,000 


83,120   65,990  1,387 


No. 

42 

8 

36 

30 

5 

2 

15 

12 

14 

21 


28 

X 

2 

X 

3 

X 

7 

39 

X 

125 

X 

176 

X 

6 

14 

X 

12 

X 

458 

X 

7 

47 

X 

26 

X 

252 

X 

20 


Tabulation  of  reports  from  field  officers  of  U.S.F.S.  and   C.D.F. 

^Name  of  national  forest  for  U.S.F.S.  fires;    county  for  C.D.F.   fires. 

^Definitions:  "Help" — a  deciding  factor  in  assuring  control  of  a  definite 
help  to  ground  forces.  "No  Help" — fire  would  have  been  controlled  at  same 
size  without  air  drop.  "Adverse" — put  out  backfire  and  made  control  more 
difficult. 

'Presented  at  Air-attack  Conference,  Redding,  Calif.,  April  10-12,  1957. 
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The  air  tankers  made  newspaper  headlines  during  1956,  bui|| 
their  development  was  the  culmination  of  an  idea  that  began  J  I 
many  years  ago — as  far  back  as  1921.  Ever  since  then,  fire 
fighters  have  tried  to  develop  practical  methods  for  dropping 
liquids  on  fires  from  aircraft.  They  tried  dropping  water  in 
bombs  or  paper  bags  and  uncontained  from  such  planes  as  tht 
B-29,  DC-7,  Ford  Tri-motor,  and  TBM.  None  of  these  methods 
became  practical.  Some  didn't  work  because  planes  weren't  read- 
ily available.  Some  failed  because  too  little  of  the  water  reached 
the  ground. 

Many  of  the  problems  were  overcome,  however,  when  modifi- 
cation of  aircraft  was  turned  over  to  agricultural  aircraft  oper 
ators  who  are  highly  skilled  in  low-level  flying.  In  1955,  at  the 
request  of  the  Forest  Service,  the  Willows  Flying  Service  devel- 
oped a  practical,  effective,  economical  method  of  attacking  fires 
from  the  air.- 


SCOPE   OF  1956  OPERATIONS 

To  establish  limitations  of  this  new  fire  tool,  the  air  tankers 
were  used  in  as  many  fire  situations  as  possible  during  1956. 
They  made  drops  under  all  sorts  of  conditions  ranging  from  hot, 
rolling  brush  fires  to  small  lightning  fires  in  timber. 

This  was  recognized  as  a  trial-and-error  operation  in  whichlj 
air  tankers  might  be  ineffective  or  only  slightly  helpful.  Yet  aiir 
attack  was  a  deciding  factor  in  assuring  control  of  15  of  the  25o 
fires  on  which  tankers  were  used.  Of  the  remaining  10  fires,  airr 
tankers  were  a  definite  help  to  ground  forces  on  5 ;  they  did  not! 
change  the  control  picture  on  4 ;  and  they  caused  the  loss  of  linee 
on  1  fire  because  the  drop  extinguished  a  backfire.  Even  on  the  5 
fires  where  the  tankers  didn't  help,  they  emphasized  some  of  the 
problems  in  their  use  and  thus  provided  information  helpful  im 
later  operations* 

Air  tankers  attacked  fires  from  less  than  1  acre  in  size  to 
more  than  40,000  acres.  On  the  larger  fires,  serious  operational! 
problems  were  encountered.  These  included  supply  and  loading  off 
aircraft  to  keep  pace  with  demands,  coordination  with  groundl 
forces,  and  air  traffic  control. 

To  supplement  the  field  reports  of  air  tanker  performance  on 
fires  and  to  calibrate  the  planes,  a  series  of  test  drops  were  made 
at  the  Willows  Airport  in  October  1956  (fig.  1).  We  wanted  to) 
learn  the  best  combination  of  plane  height,  altitude,  speed,  gate 
size,  and  wind  for  dropping  borate  slurries.  We  also  wanted  to 
test  and  evaluate  air-to-air  and  ground-to-air  radio  control.  Afterr 
the  tests,  air  tanker  pilots  and  representatives  of  the  using  agen- 
cies pooled  their  knowledge  to  draw  up  the  rough  operational! 
guidelines  presented  here. 


^Ely,  Joseph  B.,  and  Jensen^  Arthur  W.  air  delivery  of  water  helps 
CONTROL  BRUSH  AND  GRASS  FIRES.  Calif.  Forest  and  Range  Expt.  Sta.  Forest 
Res.  Note  99,  12  pp.,  illus.     1955. 
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Figure  1. — Steamian  air  tanker  making-  drop  at  15  feet  during  October  1956 

tests  at  Willows. 

WHAT  AIR  TANKERS  CAN  DO 

The  1956  experience  left  no  doubt  that  water  or  a  water  and 
sodium  calcium  borate  mixture  dropped  free-fall  from  aircraft 
can  have  a  significant  effect  on  grass,  brush,  and  timber  fires. 
Borate,  because  of  its  retardant  qualities,  does  a  better  all  around 
job  than  water. ^ 

But  air  tankers  with  water  alone  can  knock  down  fires  in 
light  fuels  such  as  grass  and  young  chamise.  Here  are  some  of  the 
jobs  air  tankers  can  do: 

1.  Hold  a  small  fire  until  initial  attack  forces  arrive. 

2.  Cool  down  hot  spots  so  that  men  can  enter  the  area  and 
work  safely. 

3.  Knock  down  spot  fires. 

4.  Build  a  fire-retardant  line  with  borate  in  advance  of  a  fire 
or  where  men  cannot  work  (fig.  2) . 

5.  Reduce  the  probability  of  crowning. 

6.  Strengthen  existing  firelines. 

7.  Directly  support  ground  forces  who  are  actively  engaged  in 
line  construction. 

8.  Fireproof  local  areas  where  spot  fires  are  probable,  such 
as  exposed  slopes  in  steep  canyons. 

WHAT  AIR  TANKERS  CANNOT  DO 

In  some  situations  air  tankers  proved  little  or  no  help.  They 
cannot : 

1.  Knock  down  hot  rolling  brush  or  timber  fires. 

2.  Safely  make  drops  in  high  winds  (over  30  m.  p.  1l). 

'Miller,  Harry  R.,  and  Wilson,  Carl  C.  a  chemical  fire  retardant — 
results  of  field  trials  using  sodium  calcium  borate  on  forest  fires  in 
1956.  Calif.  Forest  and  Range  Expt.  Sta.  Tech.  Paper  15,  19  pp.,  illus.     1957. 
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3.  Make  drops  in  the  bottoms  of  steep  canyons  or  other  inac- 
cessible places. 

4.  Cool  down  hot  fires  in  heavy  fuels  under  timber  stands. 

5.  Work  at  night. 


Figure  2. — Air  tanker  drops  100  gallons  of  sodium  calcium  borate  on  Inaja 
Fire,  Cleveland  National  Forest,  November  1956. 

OPERATIONAL  GUIDELINES 

Four  to  six  Stearman  air  tankers  make  an  effective,  manage- 
able air  tanker  squad.  If  possible,  they  should  be  led  by  an  exper- 
ienced fireman  in  a  reconnaissance  plane. 

Effective  length,  width,  and  concentration  of  the  drop  pattern 
vary  with  plane,  height,  speed,  altitude,  gate  size,  and  wind 
direction  and  velocity.  To  obtain  the  greatest  concentration  of 
liquid  on  the  ground,  the  airplane  should  fly  level  and  as  low  and 
as  slowly  as  conditions  will  permit  and  as  nearly  into  the  wind  as 
possible.  The  more  rapidly  the  liquid  is  released  the  greater  the 
concentration  will  be.  Increasing  the  drop  height,  air  speed,  or 
dropping  in  a  cross  wind  will  give  greater  area  coverage,  but  will 
reduce  concentration.  Drops  from  more  than  100  feet  above  the 
vegetation  will  usually  be  wasted.  With  a  cross  wind  of  more 
than  10  m.  p.  h.,  there  is  little  chance  of  hitting  any  part  of  the 
target.  Experienced  air-attack  pilots  can  achieve  higher  concen- 
tration by  dive  bombing  or  banking  releases. 
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AIRCRAFT  AND  EQUIPMENT 

Air  tankers  must  be  in  top  mechanical  condition  and  have  a 
reserve  of  horsepovv^er.  Minimum  tank  capacity  for  drop  liquids 
should  be  about  50  gallons.  The  tank  should  be  accurately  calibra- 
ted and  properly  vented.  One  square  inch  of  vent  for  each  5 
square  inches  of  gate  area  allows  unrestricted  gate  flow.  The 
gate  should  have  a  minimum  opening  of  175  square  inches  for 
plane  speeds  up  to  110  m.  p.  h.  and  tanks  up  to  200  gallons.  The 
gate  size  should  be  larger  for  higher  dropping  speeds,  A  free- 
swinging  (hinges  at  leading  edge),  quick-release  door  seemb  to  be 
most  satisfactory  (fig.  3).  The  pilot  should  be  able  to  close  the 
gate  while  in  flight. 


Figure 


-Typical  release  g-ate  (175  sq.  in.)  in  belly  of  Stearman  air  tanker. 
Note  release  cable. 


PILOTS 

Until   pilot   qualifications   are   more   firmly   established,   the 
following  specifications  are  to  be  used: 

1.  At  least  1,000  hours  of  flying  time  including  either  500 
hours  of  agricultural  flying  or  200  hours  of  spraying,  cargo 
dropping,  seeding,  baiting,  fish  planting,  or  similar  low- 
level  mountain  flying  experience. 

2.  A  performance  test  will  be  made  with  a  series  of  water 
drops  in  various  maneuvers.  At  least  5  drops  should  be 
made  before  a  pilot  is  allowed  on  a  fire. 

3.  A  1-day  pilot  training  program  will  be  conducted  each 
spring  or  early  summer  to  familiarize  new  pilots  with 
operational  procedures  and  fire-fighting  tactics. 
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GUIDELINES  FOR  PILOTS 

The  ultimate  aim  is  to  fly  as  low  and  as  slowly  as  is  safe. 
Generally,  this  means  80  miles  per  hour  at  about  50  feet  above 
the  fuels.  Here  are  other  simple  rules  for  air-attack  pilots : 

Check  air  hazard  map. — Check  the  local  air  hazard  map  for 
the  drop  area.  It  will  show  the  locations  of  power  lines,  telephone 
lines,  and  other  safety  hazards. 

Make  a  dry  run. — On  new  targets  make  a  dry  run  at  a 
slightly  higher  altitude  than  intended  for  the  drop.  This  is  spec- 
ially valuable  where  downdraft  or  restricted  visibility  is  antici- 
pated. 

Watch  visibility. — Avoid  continuous  straight  flight  in  poor 
visibility.  When  forward  visibility  at  the  airport  or  over  target 
area  is  less  than  1  mile,  air  tanker  operations  should  stop. 

Use  visual  signals. — A  system  of  air-to-air  and  ground-to-air 
visual  signals  should  be  prearranged  for  use  when  radio  com- 
munications fail. 

AIRPORTS 

For  smoothest  operation  the  airport  used  should  have  a  mini- 
mum of  air  business — preferably  with  little  or  no  commercial  i 
traffic.  The  whole  air  tanker  operation  can  be  jeopardized   if 
proper  facilities  are  not  provided  at  the  airport.  Such  things  as 
the   right  kind  and  amount  of   gas  and  oil,  high-rate  delivery 
pumps  for  gas  and  water,  adequate  borate  mixing  equipment,  ai 
large  supply  of  water,  and  even  proper  threads  on  hose  and  pipe ' 
fittings  are  important.  When  chemical  retardants  are  used,  mix- 
ing demands  can  be  high.  Each  hour  more  than  2,800  gallons  of 
retardant  will  have  to  be  mixed  to  supply  a  7-plane   squadron 
operating  on  a  schedule  of  about  10  minutes  round  trip  from  the 
fire.    This  means  47    gallons  of  mix  must  be  available  every 
minute. 

COORDINATION  WITH  THE  GROUND  ORGANIZATION        j 

Like  any  other  specialized  tool,  such  as  bulldozers,  plows,  or 
tankers,  air  tankers  must  be  closely  coordinated  with  other  fire- 
line  action.  Effectiveness  depends  almost  entirely  on  timing  and 
accuracy.  Direct  air-to-ground  communication  is  a  MUST! 

Rarely  will  the  air  drop  alone  be  sufficient  to  put  out  the 
fire.  It  must  be  teamed  with  adequate  ground  forces.  Thus,  except 
in  holding  action,  the  ground  forces  should  be  in  place  before 
drops  are  made.  Occasionally  it  may  be  necessary  for  the  man  on 
the  ground  to  guide  the  tankers  to  low  visibility  targets,  as  in 
smoked-in  areas.  One  important  point  to  remember  is  that  free- 
fall  drops  of  water  or  sodium  calcium  borate  are  not  harmful  to 
personnel.  The  target  area  need  not  be  evacuated. 
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Air  drops  must  be  accurate.  Since 
single  drops  made  at  50  feet  elevation 
and  80  m.  p.  h.  have  a  limited  pattern 
llfig.  4),  there  is  little  room  for  error. 
This  factor  has  to  be  considered  for  any 
Riven  fire  situation  in  deciding  de- 
ployment of  the  available  aircraft. 
Sometimes  air  tankers  should  be 
'stacked  up,"  waiting  for  the  right  time 
:o  attack  as  a  team.  At  other  times 
:hey  should  attack  individually. 

CONCLUSIONS 

The   air    tanker,  as   fire-tested    in 
956,  has  won  its  place  in  the  fire  or- 
ganization   in    California.    But    many 
questions  still  need  to  be  answered: 
How    much    water    and    chemicals 
penetrate  various  cover  types  and 
cover  densities? 
What  are  the  relative  merits  of  var- 
ious sizes  and  type  of  planes? 
How  can  we  best  distribute  or  con- 
centrate planes  for  initial  attack? 
How  can  we  make  the  best  tactical 
use  of  many  planes  on  large  fires? 
Even    after    these    problems     are 
-olved,  tactical  support  by  air  tankers 
:annot  replace  all  the  ground  fire  f ight- 
irs.    Instead,    this    specialized    attack 
nakes  men  on  the  f ireline  more  import- 
nt  and  more  effective.  Control  lines 
nd  thorough  mopup  are  still  necessary. 
&ains  made  by  fast  air  attack  can  be 
bst  if  firemen  on  the  ground  can't  rec- 
gnize  critical  changes  in  fire  behavior 
ind  take  full  advantage  of  a  knocked 
i  (own  fire. 


90  0  30 

DISTANCE   IN  FEET 

Figure  4. — Typical  pattern 
for  100-gaIlon  borate  drop 
from  Stearman  air  tanker 
with  large  gate  (175  sq. 
in.)  and  flying  50  feet 
above  the  ground  at  80 
miles  per  hour.  Contour 
lines  show  borate  concen- 
tration in  gallons  per  100 
sq.  ft. 


TEMPLATE  AIDS  INSPECTION  AND 

MAINTENANCE  OF  3!/2-POUND  DOUBLE-BIT 

AXES  AND  PULASKI  TOOLS 

L.  Don  Williamson 

Spokane  Warehouse,  Northern  Region,  U.  S.  Forest  Service 

During  various  inspections  made  of  axes  and  pulaski  tools  ini 
our  Spokane  fire  cache,  and  at  other  field  headquarters,  it  was] 
found  that  visual  inspection  only  was  resorted  to,  with  much  dis-- 
cussion  as  to  whether  or  not  a  tool  was  satisfactory  and  should  hei 
discarded  or  resharpened.  The  accuracy  of  the  decision  varied  be-- 
tween  individuals,  upon  the  amount  of  time  each  person  allotted  to  i 
each  tool,  and  many  other  factors.  Many  instances  have  beeni 
found  where  worn  out  and  unsafe  tools  have  been  maintained  and: 
used,  and  where  tools  still  possessing  satisfactory  life  have  beenii 
set  aside  for  condemnation. 

No  one  was  using  a  physical  or  material  guide  that  would  beJ 
of  satisfactory  accuracy  to  form  the  basis  for  determining  action. 
A  listing  of  the  specifications,  a  rule,  and  their  application  seemed: 
to  be  the  nearest  system  and  this  was  time  consuming  and  seldoinr 
used. 

Most  axes  and  pulaski  tools  are  of  bimetallic  construction.  Ac 
cording  to  their  specifications,  the  bit  steel  is  overlaid  and  weldedi 
to  the  body.  This  steel  extends  only  1/2  inch  to  5/8  inch  bacl^t 
from  the  cutting  edge  of  the  tool,  and  when  this  has  been  expend-l 
ed,  the  tool  should  be  discarded. 

To  take  advantage  of  this  fact,  a  template  was  constructed  at 
the  Spokane  Warehouse  (figs.  1  and  2).  It  is  made  of  1-inch  lum- 
ber, and  is  most  useful  assembled  on  a  base  at  a  45-degree  anglee 
As  yet  we  have  not  provided  for  the  measurement  of  the  hoei 
shank,  but  this  can  easily  be  added.  One  board  or  template  is  usec{ 
for  both  tools.  The  cost  is  approximately  $15. 

"A"  and  ''B"  on  each  template  are  rests  to  hold  the  tool  in 
proper  position.  The  pulaski  tool  must  be  properly  handled  sc( 
that  the  handle  fills  the  eye  at  point  of  support  "A."  The  wood  iri] 
the  ax  eye  must  not  protrude  through  to  keep  the  ax  head  fronn 
resting  on  the  supports  in  an  even  position.  The  wooden  template 
is  hollowed  out  to  fit  the  shape  of  each  tool  head.  The  template  anc( 
stand  are  painted  white  with  black  lines  and  lettering.  Red  de 
notes  unsafe  area,  and  black  safe  or  good  steel  area.  When  a  too 
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Figure  1. — Template;  black  edge  denotes  safe  sharpening  area 
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3iLB     DB     WESTERN    PATTERN 


CHOPPING    AXE    AND   PUI.ASK 


Figure  2. — Template  measurements. 

is  in  position,  if  red  shows   it  denotes  unsafe  or  unsatisfactory 
conditions  which  should  be  given  careful  consideration. 

The  use  of  this  template  at  the  Spokane  Warehouse  has  taken 
the  guesswork  out  of  the  tool  sharpener's  operation.  He  still  must 
use  his  expert  opinion  to  varying  degrees,  but  he  has  a  definite 
base  to  work  from.  Inspectors  and  supervisors  also  have  a  com- 
mon base  (visual  aid)  to  work  from  in  discussing  work  standards 
with  employees,  and  it  is  of  invaluable  aid  in  training  new  and 
emergency  employees.  Besides  indicating  whether  or  not  a  tool  is 
worn  out  or  unsafe  and  ready  for  the  scrap  pile,  the  template  is 
used  as  a  guide  in  reshaping  and  sharpening.  Our  most  skilled 
workmen  accept  it  as  a  very  useful  working  aid.  Tool  maintenance 
and  inspection  has  been  speeded  up  about  10  percent  through  the 
use  of  this  template. 


PRF      RIBED  BURNING  TECHNIQUES  IN 

LOBL    ^^Y  AND  LONGLEAF  PINE  ON  THE 

FRANCIS  MARION  NATIONAL  FOREST 

John  T.  Hills 
Forester,  Francis  Marion  National  Forest 

The  results  obtained  by  the  use  of  prescribed  fire  are  deter- 
mined largely  by  the  recognition  of  existing  conditions  and  by  the 
skillful  application  of  fire.  Much  has  been  learned  through  the 
extensive  use  of  fire  under  a  combination  of  various  conditions 
and  methods  of  application.  If  consideration  is  given  to  all 
factors  influencing  a  fire,  the  results  of  a  prescribed  burn  always 
come  closer  to  what  is  wanted  than  would  otherwise  be  the  case. 
Some  of  these  factors  are  season  of  year,  amount  of  fuel,  fuel 
moisture  (upper  and  lower  layer),  temperature,  wind  direction 
and  velocity,  and  days  since  one-half  inch  or  more  of  rain. 

Several  cardinal  points  should  be  considered  just  before 
and  during  the  use  of  fire: 

1.  Get  the  latest  weather  report. 

2.  Remember  that  a  constant  wind  strong  enough  to  direct ! 
the  fire  is  necessary  for  control.  ] 

3.  Begin  burning  on  the  downwind  part  of  the  area  to  be  | 
burned.  i 

4.  Fire  is  best  kept  under  control  by  fire  itself — offensive 
action  often  eliminates  defensive  ones. 

Through  trial  and  error  several  techniques  in  applying  fire 
under  a  given  set  of  conditions  have  proved  successful  on  the 
Francis  Marion. 

Checkerboard  or  spot  firing. — The  checkerboard  technique  is 
best  suited  for  use  in  stands  20  years  and  older,  medium  rough 
(2-3  years),  wind  3-5  miles  per  hour,  temperature  around  60°  F. 
After  establishing  a  safe  line  of  fire  on  the  downwind  side  of 
the  area  to  be  burned,  the  method  consists  of  setting  a  series  of 
spot  fires  in  checkerboard  design  parallel  to  the  baseline.  The  dis- 
tance between  the  spots  and  their  size  can  be  varied  according  i 
to  the  factors  at  hand.  The  advantages  to  be  gained  by  using  this  | 
method  follow:   (1)    It  is  safe  (as  far  as  the  use  of  fire  goes).  I 
The  fires  compete  for  space  and  fuel,  and  before  any  damage  can  | 
be  done  both  have  been  consumed.  (2)  A  clean  and  complete  burn  j 
is  assured.    (3)   A  minimum  amount  of  fireline  construction  is 
necessary.   (4)   The  number  of  men  to  be  used  is  not  limited. 
(5)  Large  areas  can  be  burned  quickly — before  weather  condi- 
tions change. 

Strip  burning. — The  method  of  burning  in  strips  is  very 
adaptable,  and  can  be  used  in  all  age  classes  large  enough  to 
be  burned.  It  consists  of  setting  a  series  of  solid  lines  of  fire 
parallel  to  the  baseline.  This  technique  can  be  used  effectively  to 
kill  undesirable  hardwood  (summer  or  winter  fire),  reduce  heavy 
rough  (as  soon  after  rain  as  rough  will  burn),  and  control  brown 
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spot,  where  flames  should  reach  needles  3  feet  or  moi'  rom  the 
ground.  The  advantages  are  that  the  intensity  of  the  fire  can  be 
controlled  by  varying  the  distance  between  lines  of  fire  in  pro- 
portion to  amount  of  fuel  and  the  size  and  density  of  undesirable 
hardwoods  to  be  killed.  The  advantages  mentioned  under  the 
checkerboard  technique  are  also  obtained. 

Flanking  fire. — When  the  head  of  a  wildfire  is  stopped,  two 
flanking  fires  remain  for  a  time.  Fire  fighters  having  experience 
in  fire  suppression  in  the  Coastal  Plain  region  probably  have  ob- 
served that  such  fires  are  very  effective  in  killing  undesirable 
hardwoods  and  removing  heavy  rough  with  little  or  no  damage  to 
the  pine.  This  flanking  type  can  also  be  used  on  an  area  to  be  pre- 
scribe burned  by  building  the  fire  in  the  shape  of  a  right  triangle, 
the  base  of  which  is  downwind.  It  is  similar  to  a  backing  fire  but 
burns  much  faster  and  cleaner. 

Before  selecting  one  of  these  plans  of  action,  the  land  manager 
should  consider  the  advantages  of  each  method  in  relation  to  the 
results  expected. 


Illuminated  Poster 

Designed  by  C.  A.  Rickard,  Flat- 
head National  Forest,  Kalispell, 
Mont. 


LINEN  HOSE  SURVIVES  THE  FIRE 

Arcadia  Equipment  Development  Center,  U.  S.  Forest  Service 
On  September  21,  1956,  1,500  feet  of  new  linen  hose  was  laid 
by  a  helicopter  on  the  McKinley  fire,  San  Bernardino  National 
Forest.  It  was  charged  and  put  into  service  as  part  of  an  ex- 
tended hose  lay  along  a  ridgetop  fireline  (fig.  1).  The  remainder 
of  the  lay  was  C  JRL. 


Figure  1. — Fireline  along  ridgetop.  McKinley  fire,  1956. 

At  noon  on  the  following  day,  the  fire  flared  up  out  of  a 
brushy  canyon  and  spotted  over  the  line  onto  the  slope  on  the 
other  side.  The  tanker  crews  were  forced  to  abandon  the  hose 
and  several  thousand  feet  of  it,  including  the  linen,  was  sub- 
jected to  the  full  heat  of  the  fire.  Burning  embers  fell  on  many 
sections  of  both  cotton  jacket  and  linen. 

We  were  curious  to  know  how  the  new  linen  hose  survived 
this  practical  heat  test.  Since  all  of  the  linen  hose  had  the  date 
1956  stamped  on  it,  it  was  easily  identified.  We  were  able  to 
account  for  all  1,500  feet.  None  of  it  was  destroyed;  none  was 
burned  through  although  it  was  badly  scorched  in  numerous 
spots. 

Damage  to  the  CJRL,  however,  varied  from  small  burned 
holes  to  holes  3  to  6  inches  long.  There  were  many  lengths  that 
had  evidently  burned  like  a  fuse.  All  that  was  left  of  them  were 
short  pieces  and  a  black  residue  along  the  ground  (fig.  2). 
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Figure  2. — Part  of  the  remains  of  CJRL  hose  used  on  the  McKinle>  iuo. 

We  brought  the  worst  scorched  of  the  linen  hose  into  the 
Arcadia  Equipment  Development  Center,  and  on  October  17  it 
was  pressure  tested.  It  burst  at  450  p.  s.  i.,  but  surprisingly  the 
burst  did  not  occur  at  any  of  the  scorched  spots  (fig.  3).  This 
would  indicate  that  the  fire  had  not  necessarily  weakened  the 
hose.  In  fact  this  hose  compared  favorably  with  hose  not  used 
on  the  fire  which  burst  at  440  to  450  p.  s.  i.  Previous  tests  in  the 
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FigijKE  6. — Liiieii  iiube  Uiai  aUi  viveii  mc  AicKmley  fire  and  .vab  x^i<.l  ^ucisure 
tested.  Note  that  it  did  not  burst  at  scorch  spots. 

laboratory  have  shown  that  linen  hose  when  charged  is  extremely 
fire  resistant,  a  very  important  factor  in  maintaining  pressures 
on  long  hose  lays. 


USE  OF  POWER  SAWS  IN  FIRELINE 
CONSTRUCTION 

Edward  E.  Bailey 
Associate  State  Forest  Ranger,  California  State  Division  of 

Forestry 

Within  the  past  few  years  lightweight  power  saws  of  various 
types  designed  for  brush  removal  have  been  developed  and  placed 
on  the  market.  Lacking  a  standard  of  performance  or  sufficient 
operating  data  to  properly  support  field  purchase  requests,  a  test 
program  was  conducted  to  compare  and  evaluate  representative 
groups  of  gas  and  electric  saws.  These  machines  were  tested  for 
use  primarily  in  fireline  construction  on  terrain  not  negotiable 
by  bulldozer,  and  the  results  were  compared  with  those  of  hand 
crew  line  construction. 

Three  circle  type  saws,  three  bow  type  saws  convertible  to  a 
bar  type,  and  two  electric  saws  with  a  1500-watt  generator  were 
secured  (fig.  1).  The  test  was  expected  to  show  if  the  generator 
when  not  being  used  with  the  saws  could  serve  as  a  standby  unit 
for  a  fire  camp  or  supply  additional  light  for  night  fireline  power 
saw  operations. 

Two  sites  in  Humboldt  County  on  California's  north  coast 
were  chosen  as  test  areas.  Species  cut  by  the  saws  were  blue- 
blossom  (Ceanothits  thyrsiflorus) ,  tanoak  (Lithocarpus  densi- 
florus)f  Pacific  madrone  (Arbutits  menziesii),  redwood  sprouts 


Figure  1. — Test  crew  personnel  and  saw  types  tested.  (California  Division 

of  Forestry  photo.) 
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(Sequoia  semper vir ens) ,  blackberry  (Rubies  vitifoUus),  Willow 
(Salix  spp.)»  and  poison-oak  (Toxicodendron  diversilobum) , 
Elevations  were  from  950  to  1,450  feet.  Slopes  ran  from  0  to  105 
percent. 

To  arrive  at  a  statistically  significant  figure,  1,575  plots  would 
be  required  with  10  saws.  On  7  slope  classes  1,540  plots  in  8  den- 
sities (light,  medium,  and  heavy)  were  cut  with  8  saws  (fig.  2) . 


f 


Figure  2. — General  view  of  brush  types  on  test  areas.   (California  Division 

of  Forestry  photo.) 

The  personnel  was  divided  into  4  crews  composed  of  operator, 
tallyman,  and  observer.  Each  operator  was  assigned  a  test  site, 
and  all  saws  were  rotated  to  that  operator  in  the  particular  site. 
The  man  assigned  as  operator  remained  at  that  job  for  the  10- 
clay  period  to  eliminate  as  much  as  possible  the  human  element. 
The  tallyman  measured  the  diameter  of  all  stems  cut  and  recorded 
them  by  basal  area  on  the  proper  form.  The  observer  measured 
out  the  plots  and  kept  the  record  of  time  for  each  plot  with  a 
stopwatch.  Each  saw  operator  had  2-4  California  Department  of 
Corrections  Honor  Camp  Inmates  assigned  as  brush  swampers 
and  helpers.  A  saw  filer  and  mechanic  were  assigned  to  the  test 
^Iso. 

For  each  slope  in  his  assigned  site,  the  operator  ran  strips  of 
15  plots  up  and  15  plots  down  with  each  saw.  The  plots  contained 
0  square  feet  and  were  5  by  10  feet  or  10  by  5  feet  depending  on 
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the  saw  being  used.  On  the  third  day  all  plots  were  changed  to 
10  by  5  feet  since  a  10-foot-wide  line  made  for  easier  and  safer 
operation  (fig.  3). 

In  evaluating  the  saws  for  hand  crew  line  construction,  lines 
were  cleared  to  mineral  soil  in  these  tests.  On  the  saw  operation 
alone  the  line  was  not  cleared  to  mineral  soil. 


Figure  3. — 10-foot  fireline,  showing  typical  brush  and  debris,  rock,  and  slopci 
encountered  on  test  sites.  (California  Department  of  Forestry  photo.) 

From  the  statistical  data  it  appears  that  the  circular  type  sav\^ 
will  produce  the  most  work  in  average  brush  areas.  However 
from  observance  the  bow  type  saw  would  be  the  most  adaptable  ii 
heavy  stands  of  diameters  4  inches  or  larger. 

Although  there  were  no  accidents,  the  test  personnel  was  o: 
the  opinion  that  the  circular  saw  was  a  potential  hazard  to  ad 
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jacent  workmen.  Operating  techniques  were  controlled  according- 
ly. Nevertheless,  the  overall  performance  of  this  type  of  saw  still 
showed  its  superiority.  This  could  have  a  bearing  on  ultimate 
tool  selection  or  the  possible  need  for  restricting  the  use  of 
these  saws  to  experienced  personnel  only.  Consequently  a  * 'power 
head"  to  which  both  types  of  saw  could  be  adapted  would  meet  the 
largest  variety  of  conditions  with  which  we  are  faced. 

Contrary  to  what  was  originally  expected  from  electric 
saws,  their  light  weight  and  size  actually  proved  a  disadvantage 
and  forced  the  operator  to  expend  more  energy  in  pushing  the 
saw  through  the  stems  and  in  kneeling  to  reach  the  stems  to  be 
cut.  The  generator  was  not  easy  to  handle  on  steep  slopes  or 
rocky  ground ;  it  required  two  men  in  constant  attendance  to  keep 
the  generator  moved  up  and  the  cords  untangled  from  cut 
stumps. 

For  data  control  purposes,  line  widths  were  originally  deter- 
mined to  be  5  feet.  After  operating  2  days  (406  plots),  it  became 
necessary  to  widen  the  lines  to  10  feet  for  more  space  to  swing 
the  circular  type  saw  and  to  provide  safer  working  conditions  for 
the  swampers  on  all  types  of  saws.  Data  were  still  collected  on  a 
square-foot  basis  and  showed  no  material  difference  in  area  clear- 
ed. But  for  safe  operation  the  data  are  sufficient  to  be  considered 
in  determining  ultimate  line  widths  in  actual  fireline  operation. 

Some  work  was  done  to  evaluate  the  usefulness  of  the  power 
saws  at  night  in  brush  and  to  determine  if  additional  light  was 
required.  This  test  project  did  not  show  that  night  operations 
were  materially  slower  than  day  work.  Observation  revealed  that 
the  crews  worked  with  added  ease  when  150-watt  floodlights  were 
mounted  on  the  generator  with  the  electric  saws.  It  was  con- 
cluded that  the  standard  Forester  headlight  should  be  supple- 
mented by  additional  light  source. 

The  data  disclosed  that  there  was  little  difference  in  the  pro- 
duction rate  of  uphill  vs.  downhill  work.  This  was  due  to  the  add- 
ed difficulty  in  cutting  stumps  low  enough  when  going  downhill, 
offsetting  any  natural  slope  advantage. 

From  observations  made  during  the  test  and  from  analysis  of 
the  collected  data,  probably  the  best  crew  size  for  power  saws, 
excepting  the  electric  saws,  would  be  6  men,  i.  e.,  1  operator,  2 
swampers,  and  3  men  clearing  the  line  to  mineral  soil.  The  pro- 
duction rate  of  such  a  crew  with  a  power  saw  in  brush  under 
average  conditions  could  be  compared  favorably  to  that  of  a  hand 
crew  of  10  to  12  men. 

One  method  of  weight  control  used  by  the  manufacturer  is  the 
size  of  the  fuel  tank  supplied  and  designed  for  his  specific  unit. 
Of  the  saws  tested,  fuel  capacities  varied  from  1  pint  to  1  quart. 
This  factor  should  be  considered  very  important  in  adapting  pow- 
er saws  to  fireline  construction,  since  during  the  test,  operating 
time  varied  from  1/2  to  1  hour  per  tank  of  fuel.  It  is  therefore 
imperative  that  a  supply  of  properly  prepared  fuel  be  readily 
available. 


ADMINISTRATIVE  PICKUP  FIRE  FIGHTING  UNIT 

State  of  Washington,  Division  of  Forestry,  Fire  Control 

Washington's  Division  of  Forestry  uses  half-ton  pickups  for 
its  district  wajd^ns  and  assistants.  The  usual  practice  is  to  load 
the  box  of  these  pickups  with  cement  blocks,  rocks,  or  old  iron  to 
give  weight  and  make  the  pickup  ride  better.  Fire  Control  decided 
that  since  some  inert  ballast  was  going  to  be  carried  around  re- 
gardless, the  weight  might  as  well  be  useful  for  fire  suppression 
and  thus  increase  the  striking  force  on  fire  throughout  the  State. 

This  decision  resulted  in  a  67-gallon  pumping  unit  that  costs 
approximately  $200.  The  unit  is  comprised  of  a  small  rectangular 
tank  18  inches  square  and  4  feet  long  which  sits  just  aft  of  the 
pickup  utility  box  where  the  warden  carries  his  gear  (fig.  1).  Its 
entire  weight,  plus  a  tank  full  of  water,  is  approximately  732 
pounds.  Half  the  pickup  bed  is  still  free  for  other  hauling. 

The  tank  is  plumbed  to  the  fan-belt  drive  pump  under  the  hood 
by  flexible,  high-pressure  hose.  Female  couplings  are  used  on  both 
ends  of  the  hose  to  expedite  easy  removal  of  the  unit.  The  dis- 
charge is  plumbed  from  the  pump  back  to  a  bypass  on  the  tank 
through  a  similar  hose.  With  this  arrangement  the  discharge 
hose  is  connected  to  the  bypass  on  the  tank,  and  it  is  not  neces- 
sary to  lift  the  hood  to  connect  a  discharge  hose  or  engage  the 
clutch. 
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Figure  1.- 
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-Half-ton  administrative  pickup  equipped  with  a  67-gallon  slip-on 
unit  mounted  back  of  utility  box. 
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The  pumping  unit  is  a  gearless-neoprene  or  carbon-impeller 
ype  that  is  capable  of  pumping  from  5  to  19  gallons  per  minute, 
lepending  on  the  r.  p.  m.  Its  initial  cost  is  reasonable,  and  any 
leeded  repairs  are  quite  inexpensive.  Power  is  taken  from  a 
iouble  pulley  on  the  generator  through  a  split  V-belt  pulley  clutch 
fig.  2) .  With  this  type  of  clutch  the  sides  of  the  pulley  are  spread 
i-part,  and  when  the  pump  is  not  in  use,  the  belt  runs  on  an  idler 
'n  the  center  of  the  pulley.  This  idler  has  sealed  lubrication.  When 
he  clutch  IS  closed,  the  sides  of  the  pulley  are  brought  together, 
hus  picking  up  the  V-belt  and  the  power  to  drive  the  pump. 

The  clutch  is  controlled  from  the  dashboard  through  a  flexible 
jontrol  wire.  A  pressure  gage  is  also  mounted  on  the  dash.  The 
I'perator  can  start  his  pump  before  getting  out  of  the  cab,  because 
he  bypass  device  works  as  long  as  the  nozzle  is  closed.  The  bypass 
;3  set  to  operate  at  100  pounds  pressure  on  the  gage  when  the 
Ingine  is  a  little  more  than  idling,  and  the  pump  delivers  about  8 
gallons  per  minute  at  this  speed.  One  man  can  handle  this  ma- 
hine  efficiently.  The  unit  does  not  have  a  live  reel,  but  one  is 
>lanned  that  will  carry  approximately  200  feet  of  single-braid, 
leoprene,  one-half  inch,  ID  water  hose. 
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'iGURE  2. — Schematic  location  of  67-gallon  slip-on  unit,  pump,  pressure 
gages,  plumbing,  and  shutoff  and  bypass  valves  on  ^-ton  administrative 
pickup. 


Fire  control  did  not  design  the  slip-on  unit  to  take  the  place  of 
I  major  pumper,  and  it  is  stressed  in  training  that  this  unit  must 
lot  tie  up  potential  overhead  that  should  be  leading  others  in  the 
ontrol  of  a  fire.  However,  since  all  of  our  pickups  are  equipped 
^ith  mobile  radios,  they  are  often  the  first  piece  of  equipment 
0  arrive  on  many  of  the  small  fires.  They  are  able  to  take  care 
»f  these  fires  in  the  incipient  stage  without  the  dispatching  of 
•ther  equipment. 


AIRPLANES  AND  FIRE  CONTROL  IN  THE 
SOUTHWEST 

Franklin  0.  Carroll 

Assistant  Fire  Staff  Officer,  Coconino  National  Forest 

Because  airplanes  have  been  used  only  sporadically  in  fores 
fire  control  for  many  years  in  the  Southwestern  Region,  greali 
opportunities  remain  for  perfecting  and  intensifying  their  us(|i 
The  Coconino  National  Forest  in  Arizona  used  airplanes  exten 
sively  for  the  first  time  during  1956.  Prior  to  that  time,  it  ha' 
used  planes  occasionally  to  scout  blind  spots  and  to  drop  messages 
maps,  and  supplies  to  remote  fires  and  fire  camps.  A  stead; 
drying  trend  in  the  past  few  years  and  an  increasing  number  o 
large  fires  caused  us  to  take  a  new  look  at  the  airplane  as  a  toe 
in  prevention,  detection,  and  suppression  work  in  our  region.  Th 
following  resume  is  based  on  our  first  year's  experience. 

Prevention. — Psychology  plays  a  very  important  part  in  fores 
fire  prevention.  For  example,  forest  users  generally  feel  that   lii 
low-flying  patrol   airplane   offers   a  very  tangible  warning.  I:|io 
order  to  gain  the  greatest  benefits  from  this  method  of  fire  pre 
vention,  it  is  necessary  to  advise  the  forest-using  public  by  radi  |r 
and  newspaper  that  such  a  method  will  be  used.  The  use  of  aiir 
borne  loudspeaker  systems  has  also  proved  fairly  effective.  Whil 
the  broadcasting  range  of  this  device  is  limited,  it  is  adequate  fo 
short  fire  prevention  warnings. 

Detection. — We  do  not  believe  that  fire  detection  from  aii 
planes  will  ever  completely  replace  stationary  lookout  systems 
We  do  believe,  however,  that  the  use  of  airplanes  is  necessary  t 
supplement  fixed  detection.  Observation  from  planes  has  prove 
very  effective  on  the  Coconino  during  periods  of  heavy  smoke  an 
haze,  after  lightning  storms,  and  during  periods  of  heavy  fores > 
use.  Northern  Arizona  is  particularly  subject  to  hazy  atmospheri 
conditions  during  certain  of  the  summer  months  when  smoke  f  ror 
forest  fires  and  dust  blanket  the  country. 

Normal  detection  flights  cover  areas  that  are  blind  to  lookouts  > 
These  flights  are  also  effective  for  the  investigation  of  areas  r( 
ported  by  the  fixed  detectors  as  suspect.  The  most  effective  aerii 
observation  is  made  in  the  early  morning  or  late  evening  whe 
the  sun's  rays  are  more  or  less  parallel  to  the  earth's  surface.  Th 
flight  pattern  should  keep  the  area  to  be  observed  between  the  aii 
plane  and  the  sun  as  much  as  possible.  As  many  persons  know, 
smoke  may  be  more  readily  seen  when  the  observer  is  looking  int 
the  light.  Once  pinpointed,  the  fire  is  then  accurately  reported  t 
the  central  dispatching  agency.  Aerial  observers  on  the  Coconin 
were  selected  who  had  sufficient  experience  to  enable  them  to  siz 
up  each  fire  situation  and  order  adequate  suppression  action. 
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Supp7'essio7i. — The  Coconino  National  Forest  has  had  an  av- 
rage  of  385  fires  per  year  for  the  past  5  years.  Record  highs 
ave  exceeded  700  fires.  In  1956,  it  had  502  forest  fires,  86  of 
-^hich  were  man-caused.  Man-caused  fires  have  averaged  85  per 
ear,  a  significant  number  in  view  of  the  fact  that  forest  use  is 
stimated  to  have  tripled  in  the  past  5  years.  Our  objective  has 
een  to  hold  the  burned-over  area  to  880  acres.  In  1956,  1,100 
cres  were  burned.  Since  only  one  fire  burned  more  than  300 
cres,  we  believe  that  early  aerial  detection  and  fast  suppression 
ction  have  reduced  the  average  size  or  area  burned  in  each 
ire. 

The  total  number  of  fires  first  discovered  from  the  air  was 
reater  than  those  first  discovered  by  any  of  the  lookouts  ex- 
3pt  one.  Observers  in  planes,  using  two-way  radios,  guided 
re  crews  to  difficult-to-find  and  remote  fires.  By  ''talking"  the 
re  crews  in  to  fires,  the  aerial  observers  saved  a  great  deal  of 
me  and  expense  as  well  as  acreage  burned. 

A  constant  source  of  accurate  information  from  an  aerial 
aserver  has  helped  many  a  fire  boss  make  effective  decisions  in 
le  strategic  handling  of  large  fires.  During  a  2-day,  99  lightning- 
re  ''bust"  in  late  June  1956,  our  observer  utilized  his  lofty  posi- 
on  to  dispatch  and  guide  crews  and  equipment  to  individual 
res  and  to  determine  which  fires  required  immediate  attention 
:  could  be  safely  handled  later.  This  alone  saved  many  acres. 

Finally,  parachute  supply  operations  have  proved  their  worth 
me  and  again  in  fire  control.  We  use  planes  for  dropping  pur- 
)ses  whenever  conditions,  terrain,  and  time  warrant.  Aerial 
ipply  methods  have  been  extremely  effective.  Without  doubt,  the 
rplane  is  taking  its  rightful  place  as  a  common  tool  of  forest 
re  control  in  the  Southwest. 


Dunk  That  Chunk 

Ray  West,  Supervisor,  Anaconda  Forest  Protection  Service,  figures  that 
'\>  matter  how  muddy  water  g-ets,  it's  still  wet.  West's  idea  goes  still  further 
that  he  makes  just  a  little  bit  of  water  go  a  long  way  in  the  mopup  pro- 
dure  of  fighting  and  beating  forest  fires. 

In  West's  country,  just  over  the  Continental  Divide  from  Anaconda  and 
e  Big  Hole  country  of  Montana,  water  is  at  a  higher  than  usual  premium 
I  most  of  the  fires.  West  has  made  several  used  2-  to  5-gallon  paint  pails  a 
irt  of  the  regular  equipment  on  each  fire  truck  in  his  organization.  The  pail, 
led  as  a  dunking  utensil,  takes  up  where  the  hose  and  pump  leave  off". 

Dunking  takes  all  of  the  fight  out  of  the  usual  burning  debris  near  the 
[•eline.  Later  when  it's  possible  to  get  inside  the  line  to  work  on  stumps, 
(tten  logs,  and  other  accumulations,  a  man  with  a  "dunking  pardner"  can 
scourage  any  ideas  a  hot  spot  might  have  about  making  something  big  of 
elf. — Robert  Jordan,  CFM  Forester,  Montana. 


CAP  DESIGNED  TO  COVER  ACCESS  HOLE 
IN  ROOF  OF  TOWER  CAB 

H.  H.  Garth 
Chief,  Division  of  Forest  Protection,  Virginia  Division  of 

Forestry 

Rusty  lookout  tower  cabs  and  cab  roofs  are  unsightly  and  prd 
sent  a  maintenance  problem.  To  remedy  this  situation,  the  Vi]i 
ginia  Division  of  Forestry  undertook  a  cab  painting  project.  Thi 
first  attempt  proved  to  be  dangerous  and  time-consuming.  Climli 
ing,  rope  ladders,  w^indow  scaffolds,  long-handled  brushes,  an 
paint  rollers  were  used  in  that  attempt. 

It  was  decided  that  a  hole  in  the  center  of  the  roof,  larg^i 
enough  to  permit  a  man  to  crawl  through,  might  be  helpful.  B! 
experimenting  with  an  exhibit  tower  trailer,  the  Division  deve^ 
oped  a  method  of  cutting  the  hole,  reinforcing  the  tower  roo: 
and  fabricating  a  cap. 

To  cut  the  hole,  a  saber  saw  was  first  tried  with  a  small  d.  < 
generator  serving  as  a  source  of  power.  This  method  required  se\ 
eral  hours  of  hand  sawing.  To  expedite  the  hole-cutting  job,  ai 
acetylene  torch  was  used.  Where  towers  were  accessible  to  v< 


Figure  1. — Cab  roof  reinforced  by  bolting  1-inch   angle  iron  to  edges  <  I 

18-inch  hole. 
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hide  travel,  the  gas  tanks  and  other  equipment  were  easily 
brought  in  to  the  site.  Most  of  Virginia's  towers  are  between  80 
and  100  feet  high,  and  there  is  no  problem  in  obtaining  hose  long 
enough  to  do  the  job. 

Although  the  hole  was  made  with  an  acetylene  torch  in  a 
matter  of  minutes,  the  torch  has  one  big  drawback.  The  heat 
generated  destroys  the  galvanized  coating  on  the  cab.  The  Divis- 


CAPA3CB0R 
RIVETED  IH  PLiCB 
AIJD  SOLDExlKD 
AHOUHD  RTVET  HOLES, 
ONE  DT  EACH  CORNER. 


CORHER  07ERLAPPED , 

RIVETS)  AHD       -- 

SOLDERED  CM  INSIDE, 


FOLD  U"  IN  FBCV  EDQE. 
(FOLD  ANQLE  ABOUT  35®  TO 
COHFORM  WITH  TOWER  BOOF 
PITCH) 


DETAIL  OF 
CAP  ANCHOR 


lA'  BHASS  BOLT  3(%J}ESED 

WELDED  TO  STEEL 
BBACKXr, 


STEEL  PUfB  LONO 
SN01TQH  TO  REftCB 
ACROSS  COBXStS   OP 
TOWER  CAB  ROLE  TO 
ANCHOR  CAP  IN 
PLACE 


NOT  &  WASHHl, 


'IGURE  2. — Schematic  drawing  of  cap  to  cover  access  hole  in  roof  of  7-  by 

7-foot  tower  cab. 
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ion  is  still  undecided  as  to  which  is  best — the  fast  cutting  torch  or 
the  slower  cutting  saber  saw  that  protects  the  galvanizing. 

The  hole,  18  inches  square,  is  reinforced  with  1-inch  angle  iron 
bolted  around  inside  edges  (fig.  1) . 

The  prefab  cap  is  made  of  26-gage  galvanized  metal  cut  to  a 
26-  by  26-inch  square.  Cuts  are  made  on  a  45°  angle  from  each 
corner  to  a  depth  of  approximately  51/2  inches.  The  corners  are 
lapped  and  riveted  and  the  joints  soldered  on  the  inside.  Quarter- 
inch  brass  bolts  are  welded  to  small  prebent  pieces  of  steel  (fig. 
2) .  The  steel,  with  bolt  attached,  is  then  riveted  to  the  cap  and  the 
rivet  holes  soldered  on  the  inside.  This  method  is  preferred  to 
either  soldering  or  welding  the  bolt  heads  directly  to  the  cap; 
welding  has  a  tendency  to  warp  the  metal  and  destroy  the  galvan- 
ized coating,  and  soldering  does  not  appear  to  be  strong  enough. 
Small  pieces  of  steel  are  bored  (5/16-inch  holes)  to  serve  as 
anchors.  The  cap  is  then  ready  for  mounting. 

To  fit  the  prefabricated  cap  in  place,  a  rope  is  tossed  outi 
through  the  hole  and  permitted  to  fall  past  a  window.  The  cap  is 
then  tied  to  the  rope  and  hauled  up  onto  the  roof.  The  cap  is 
squared  over  the  hole,  the  anchors  run  up  on  the  bolts,  and  the 
nuts  tightened  behind  them.  The  cap  will  not  go  through  the 
hole  in  the  tower  roof,  and  if  the  hole  is  enlarged  there  will  be 
less  cap  overlap  to  keep  out  the  weather.  Gaskets,  made  of  old 
linen  hose,  are  fitted  around  the  edge  of  the  cap  to  prevent  wind 
and  water  leakage. 

Prior  to  bolting  the  cap  in  place,  the  cab  roof  is  wire  brushed 
and  painted  with  aluminum  paint.  A  metal  tray  and  fleece-covered 
roller  are  used  to  do  the  painting.  This  same  unit  is  used  to  paintt 
the  outside   of  the  cab   simply  by   reaching   through   the   openi 
windows. 


THE  GORDON  BADE  WATER  RAKE 


R.  E.  Reinhardt 

Forester,  Division   of   Timber  Management 
Washington  Office,  U.  S,  Forest  Service 

Experienced  fire  control  men  who  have  used  the  water  rake  believe  it  is 
a  practicable  and  worthwhile  water-saving  device.  It  is  recommended  for 
use  where  water  is  scarce  and  in  deep  duff  where  water  penetration  is 
slow.  One  water  rake  is  recommended  for  each  tanker  unit  in  areas  where 
council  tools  are  standard  fire  fighting  equipment. — Ed. 

The  economical  and  effective  use  of  water  for  fire  mopu])  has 
been  a  problem.  Often  pumpers  are  employed  in  mopup  long  dis- 
tances from  sources  of  water.  It  is  usually  necessary  to  stretch  the 
pumper  water  supply  when  putting  out  fire  in  duff  and  debris 

with  nozzle  and  high  pressure.  More 
often  than  not  inexperienced  nozzle 
operators  aimlessly  squirt  water  at 
smoking  debris  only  to  have  the  fire 
come  alive  later  and  escape. 

The  mixing  of  a  little  water  with 
duff  and  debris  is  one  of  the  most  ef- 
fective and  economical  ways  of  ex- 
tinguishing fires  in  this  material. 
The  usual  practice  is  to  have  one  man 
mix  the  smoldering  duff  and  debris 
while  another  applies  water  to  it  un- 
til the  fire  is  out.  Although  effective, 
this  method  requires  two  or  more 
men. 

Various  devices  have  been  tried 
to  eliminate  this  dual  use  of  manpow- 
er. Among  these  is  a  nozzle  tempor- 
arily fastened  with  rope  to  the  handle 
of  a  Kortick  blade  that  deflects  the 
stream  on  the  ground  while  the  op- 
erator rakes  and  stirs  the  smoldering 
debris.  This  is  an  effective  method 
but  awkward  and  laborious.  The  noz- 
zle is  generally  insecure,  and  it  is  dif- 
ficult to  coordinate  nozzle  control 
with  the  raking  action.  The  water 
under  high  pressure  occasionally 
backfires  and  splashes  the  operator 
with  water  and  debris. 

Gordon  M.  Bade,  Timber  and 
Fire  Staffman  on  the  Kaibab  Na- 
tional Forest  in  Arizona,  fabricated 
a  device  almost  20  years  ago  which 
is  slowly  gaining  acceptance  as  know- 
ledge of  its  effectiveness  spreads  by 
word  of  mouth  from  one  forest  to 
another  (figs.  1  and  2).  The  end  of  a 
hollow  handle  is  attached  to  a  hose. 
Water  flows  through  the  handle  to  a  lateral  distributor  pipe  with 
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Figure  1. — The  Bade  water 
rake  for  mopup. 
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Tapped  for  —  pipe  plugs 

Figure  2. — Diagrammatic  drawing  of  the  Bade  water  rake. 

small  holes  in  it  lined  up  with  the  concave  teeth  of  a  Kortick  tool. 
The  volume  is  controlled  by  a  thumb  value  at  the  end  of  the 
handle.  This  tool  is  effective  with  low  pressures  and  will  use  less 
water  if  the  pump  pressure  is  cut.  An  adaptation  of  this  device  to 
be  used  with  a  standard  backpack  pump  might  be  feasible. 

Component  parts  of  the  Bade  water  rake  and  instructions  for 
assembling  them  follow : 

Parts 

1. 

2. 

3. 

4. 

5. 

6. 


1  Kortick  tool. 

4  feet  of  %-inch  galvanized  thin  wall  conduit. 
101/^  inches  of  14-inch  galvanized  pipe. 

2  Vs-inch  pipe  plugs. 

3  inches  of  y^-^noh  galvanized  pipe. 

1  standard  female  brass  garden-hose  adaptor.  (The  snap-on 
types,  available  at  hardware  stores,  fit  snugly  in  the  thin  wall 
pipe  and  make  sweating-on  with  solder  an  easy  matter.) 
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7.    1  garden-hose  shutoff  valve.    (A  better   device   would  be    a 
j      thumb-control  pressure  valve.) 

^.    18  inches  of  7/8-inch  radiator  hose  for  handle  guards.   (Metal 
pipe  is  cold  when  held  for  prolonged  periods.) 

issemblage 

1.  Saw  the  shank  off  a  Kortick  tool  as  close  as  possible  to  the 
blade. 

2.  Drill  a  hole  through  the  blade  at  the  center  of  the  shank 
flange  to  fit  the  1/2 -inch  pipe. 

3.  Drive  the  short  piece  of  V2-ii^ch  pipe  into  one  end  of  the  thin 
walled  conduit,  leaving  about  i^-inch  protruding. 

4.  Drill  a  hole  through  the  thin  walled  conduit  and  1/2-inch  pipe 
to  admit  the  Vi-inch  pipe.  Edge  of  the  hole  to  be  flush  with 
end  of  thin  wall. 

5.  Drill  a  3/8-inch  hole  through  one  side  at  the  center  of  the 
14-inch  pipe. 

6.  Drill  1/16-inch  holes  through  the  wall  of  the  i4-inch  pipe 
at  points  which  center  the  rake  teeth.  The  best  way  to  do  this 
is  to  run  the  14-inch  pipe  through  the  hole  in  the  thin  wall 
handle,  center  it  with  the  3/8-inch  hole  headed  up  the  handle. 
Then  assemble  the  blade  and  handle  to  determine  the  angle 
of  the  1/16-inch  holes  to  assure  delivery  of  water  down  the 
fluted  teeth.  Cut  down  rivet  heads  if  they  interfere  with  de- 
livery of  water  down  teeth.  Disassemble  and  drill  holes  in  the 
wall  of  the  i/4-inch  pipe. 

7.  Tap  both  ends  of  the  i/4-inch  pipe  for  1/8-inch  pipe  plugs  and 
insert  them.  These  will  provide  for  cleaning  the  pipe  if  the 
pipe  or  holes  become  plugged. 

8.  Assemble  pipe  in  proper  position  and  braze  small  pipe  to 
conduit.  Attach  to  blade  and  braze  or  weld  shut  and  to  the 
blade  the  end  of  the  1/2-inch  pipe  that  protrudes  through  the 
blade. 

9.  Spot  weld  %-inch  pipe  to  blade  to  keep  it  in  place. 

.0.  Slip  about  a  foot  of  7/8-inch  radiator  hose,  for  a  hand  grip, 
onto  the  handle  a  little  below  the  middle  of  it.  Slip  another 
6-inch  piece  on  at  the  end.  The  hose  will  fit  tight  and  can  be 
rammed  down  into  place  with  a  piece  of  1-inch  pipe  slipped 
over  the  conduit. 

.1.  Sweat  on  the  female  hose  connection  at  the  end  of  handle. 
(Run  the  6-inch  piece  of  hose  down  the  handle  while  soldering 
the  female  hose  connection  to  keep  from  burning  the  rubber, 
then  return  it  to  the  top.) 

.2.    Attach  shutoff  valve. 

This  tool  has  proved  particularly  handy  for  raking  coals  off 
ogs  and  simultaneously  extinguishing  them.  One  of  Bade's  more 
ugged  guards  has  suggested  this  device  might  be  handy  for  the 
Saturday  night  bath. 


PRESCRIBED  BURNING  IN  SHORTLEAF- 

LOBLOLLY  PINE  ON  ROLLING 

UPLANDS  IN  EAST  TEXAS 


00 


E.  R.  Ferguson 
East  Texas  Research  Center,  Southern  Forest  Experiment  Statio'i 

Large  test  burns  on  rolling  uplands  in  east  Texas  have  prove(( 
quite  variable  and  only  moderately  effective  in  controlling  unde 
sirable  hardwood  understory.  This  is  in  contrast  to  encouraging! 
results  achieved  with  prescribed  fires  on  small  plots  in  the  sam< 
general  type.^  Runoff  and  surface  soil  movement  on  two  diverse ( 
soils  were  little  affected  by  these  single  fires. 

THE  STUDY 

Twelve  fairly  uniform  units  were  established  on  the  Nechei 
District  of  the  Davy  Crockett  National  Forest.  The  units,  aver 
aging  about  190  acres  each,  were  in  a  shortleaf -loblolly  pine  saw- 
log  stand  with  a  medium  to  heavy  brush-hardwood  understory. 

The  units  were  paired  according  to  similarity  of  topography 
overstory,  and  understory.  This  provided  6  pairs  of  units,  2  oj 
which  were  randomly  assigned  to  each  of  3  seasons  of  burn.  On 
unit  of  each  pair  was  randomly  selected  for  burning  and  thdi 
other  was  left  unburned  as  a  check. 

Ten  sampling  points  were  systematically  located  within  eacll 
unit,  and  at  each  point  one  1/10-acre  plot  and  one  1/250-acn 
plot  were  established.  Stems  on  these  plots  were  inventoried  beo 
fore  and  after  the  prescribed  fires. 

Burns  were  made  in  November  1952,  March  1953,  and  Aprii 
1953.  Burning  on  all  units  followed  the  same  pattern.  Lines  wer<( 
plowed  and  fire  was  set  along  the  leeward  boundaries,  followinji 
which  the  flanks  and  finally  the  windward  boundaries  were  firedl 
As  time  permitted,  supplemental  lines  of  fire  were  started  through 
the  interior  of  the  units. 

On  selected   units,   burned    and   unburned,   hydrological  tes 
areas  were  located  on  the  prevailing  soils.    Bos  well  fine  sand:C 
loam  and  Lakeland  fine  sand.  These  were  4-  by  20-foot  runof 
plots  with  metal  borders,  located  on  gentle  (5  to  8  percent)  anc 
moderate    (11    to    16    percent)    slopes.    They    provided    weekh) 
records  of  surface  runoff  and  a  cumulative  record  of  soil  loss. 


RESULTS 

The  prescribed  burns  were  only  moderately  successful  in  con 
trolling  the  undesirable  hardwoods  (fig.  1).  The  number  of  stem;; 
%  to  2  inches  in  diameter  was  reduced  1/3  to  1/2,  but  these  re'  i 
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^Ferguson,  E.  R.    stem  kill  and  sprouting  following  prescribed  fire 
IN  A  pine-hardwood  STAND  IN  TEXAS.     Jour.  Forestry  55;     1957.     (In  press., 

180 


Fig 


nl 


)iir 


FIRE  CONTROL  NOTES 


131 


uctions  were  largely  offset  by  an  increase  in  sprouts  and  root 
uckers.  The  result  has  been  a  moderate,  but  probably  temporary, 
eduction  in  understory  volume. 


)0 


)0 


UNBURIMED    ARCA 


BURNED  AREA 
(Including  plots 
missed   by   fire) 


'IGURE  1. — Hardwood  stems  after  treatment,  shown  as  percent  of  number  on 
plot  before  treatment. 

There  were  no  differences  in  effectiveness  between  burns  made 
1  the  three  seasons  tested. 

Failure  to  achieve  greater  reduction  in  small  hardwoods  was 
1  part  due  to  the  light  and  variable  nature  of  the  prescribed 
urns.  Only  about  80  percent  of  the  area  within  the  burning  units 
as  actually  burned,  and  less  than  half  of  that  was  covered  by  a 
ledium  or  severe  fire.  On  limited  areas  with  severe  burns,  there 
'as  some  loss  of  sawtimber  pines.  Such  divergent  results  reflect 
le  widely  varied  burning  conditions  that  occur  on  extensive  areas 
f  rough  terrain.  To  approach  the  effectiveness  demonstrated  on 
nail  plots,  prescribed  burning  will  require  much  closer  control 
ith  resultant  higher  labor  costs  and  equipment  expense. 

The  single  fires  of  the  study  had  little  effect  on  surface  water 
anoff  and  soil  movement  from  the  hydrologic  test  plots.  On  the 
akeland  fine  sand,  the  prescribed  burns  had  too  little  effect  on 
ifiltration  rate  to  be  reflected  in  runoff.  On  the  Boswell  fine 
mdy  loam,  burning  appeared  to  increase  runoff  slightly.  There 
as  little  difference  in  runoff  on  slopes  ranging  from  5  to  13 
ereent. 
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Soil  loss  was  light  on  all  plots  (table  1)  and  safely  below  the 
maximum  erosion  rate  permissable  on  watershed  lands. 

Table  1. — Soil  loss  per  acre  /18  months 


Treatment 

Lakeland  fine  sand 

Boswell  very  fine  sandy  loan 

Slope 

Soil  Loss 

Slope 

Soil  Loss 

Burned 

Percent 

8 
12 

8 
15 

Tons 

0.14 

.11 

.15 

.16 

Percent 

5 
11 

6 
13 

Tons 

0.73 

.28 

.17 

.13 

Burned 

Unburned             

Unburned     

The  possibility  that  more  severe  or  repeated  fires  could  hav(( 
more  serious  effects  should  not  be  overlooked.  The  test  plots  stil 
had  1/8  to  1/4  inch  of  litter  after  the  fires.  With  complete  ex-, 
posure  of  the  mineral  soil,  both  runoff  and  erosion  undoubtedlj 
would  have  been  much  greater. 

t:  ^  ^ 

Fire-Danger  Board 


Designed  by  R.  T.  Files,  Glacier  Ranger  District,  Glacier,  Wash.  (For 
specifications,  write  to  author.) 
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RURAL  PUBLIC  RELATIONS^ 

The  People  Side  of  the  Large-Scale  Forestry  Operation 

Glenn  R.  Durrell 
Head  of  Department  of  Forestry,  Oklahoma  Agricultural  and 
Mechanical  College,  Stillwater,  Oklahoma. 

As  a  basis  for  understanding  some  of  the  public  relations  pro- 
blems that  harass  the  forester  or  manager  of  a  large  forest  prop- 
erty, let  us  take  a  look  at  the  situation  from  the  standpoint  of  the 
rural  citizen  who  lives  as  a  neighbor  to  the  operation. 

This  citizen  is  a  member  of  the  community.  His  thinking  is  a 
part  of  public  opinion.  He  makes  up  the  juries  that  try  our  cases 
in  court.  He  elects  the  people  that  make  and  enforce  our  laws. 
His  needs  for  public  services  influence  our  tax  rates.  He  may  be 
part  of  our  labor  supply  and  one  of  the  consumers  of  our  product. 
He  uses  our  land  for  recreation,  for  forage,  for  fuel,  sometimes 
for  protection  from  erosion  or  flood  damage.  He  is  a  free  man.  He 
respects  himself  and  his  family.  He  likes  to  deal  with  the  boss 
rather  than  with  hirelings.  He  has  the  same  wants,  the  same  basic 
human  urges,  drives,  compulsions,  that  the  rest  of  us  do.  He  is 
fearful  of  the  unknown,  he  is  inclined  to  resent  and  distrust  big- 
ness. Numerically,  he  out-votes  us.  Generally  he  or  his  ancestors  j: 
were  here  before  we  were  and  had  established  use  rights  long  be-  h' 
fore  we  attempted  management  of  our  forests. 

He  is  as  law-abiding  as  we  are — that  is,  law-abiding  accord- - 
ing  to  his  own  code,  which  may  or  may  not  resemble  in  all  re-- 
spects  the  laws  on  the  statute  books.  The  code  he  follows,  however,, 
fits  his  own  needs  and  is  generally  accepted,  and  enforced,  by  himi 
and  his  neighbors. 

We  can  ignore  his  needs  and  feelings,  stand  on  our  rights  > 
under  the  law — and  remain  unwanted  aliens  in  his  country,  or  we 
can  attempt  to  understand  him,  respect  his  situation  and  perhaps  ^ 
— certainly  slowly — gain  his  good  will  and  acceptance  into  his  ] 
community. 

As  foresters  we  like  to  feel — and  often  boast — that  well-man- 
aged forests  make  major  contributions  to  the  welfare  of  the  in- 
dividual and  the  community.  We  are  often  surprised  and  are  us- 
ually disappointed  to  find  that  relations  between  large  owner- 
ships, public  or  private,  and  their  rural  neighbors  may  deteriorate 
rather  than  improve  as  forest  management  is  intensified.  This^ 
deterioration  may  be  expressed  in  many  ways.  The  most  common, . 
of  course,  is  the  setting  of  fires.  Others  are  timber  theft,  destruc 
tion  of  fences  and  other  improvements,  lack  of  support  in  law  en-  i  cor 
forcement,  election  of  county  and  state  officials  opposed  to  what'Pf 
we  consider  progress,  inequitable  tax  assessments,  violation  of'Fi? 
understandings  and  so  on.  Why  should  this  be  when  managed  I' 
forests  mean  more  jobs,  more  income,  community  stability,  etc.? 


OU] 


^Reprinted  by   permission   from   the   December   1955   issue  of  Southern 
Lumberman. 
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STAGES  OF  FOREST  DEVELOPMENT 

We  are  taught  in  our  study  of  forest  history  that  the  stages  of 
forest  development  are  the  same  in  all  countries.  The  nomadic 
[nan  gathered  his  living  where  he  found  it.  The  domestication  of 
animals  and  the  beginning  of  agriculture  put  pressure  on  the 
'crest  for  space  for  pasture  and  crops.  Then  the  development  of 
the  crafts  led  to  local  exploitation  for  special  products.  Machinery 
md  transportation  extended  the  scope  and  area  of  exploitation. 
Then  tree  culture  and  finally  management  develops.  Most  of  us 
overlook  a  principal  point  to  be  gained  in  the  study  of  history ;  we 
assume  that  we  are  at  the  beginning  of  intensive  management — 
and,  as  far  as  some  of  the  forest  lands  are  concerned,  we  are.  The 
mportant  point,  I  think,  is  that  man  has  always  used  the  forest 
:o  meet  his  current  needs — and  that  these  needs,  these  several 
stages  of  forest  development,  can  exist  side  by  side,  as  far  as  our 
neighbors  are  concerned,  on  a  relatively  small  forest  property. 
>ne  of  our  neighbors  needs  the  berry  crop,  or  mast  for  game  and 
logs ;  another  more  pasture  or  more  land  for  crops ;  a  third  wants 
^special  products  from  the  forest  for  his  particular  craft;  still 
another  wants  work  to  eke  out  his  livelihood,  and  he  wants  to  stay 
at  home,  not  move  to  town  or  to  the  next  county. 

Another  point  that  should  be  stressed  in  our  study  of  forest 
history,  and  a  study  of  our  own  behavior  should  point  out  the  same 
thing,  is  the  strong  foundation  in  our  thinking  of  rights  develop- 
ing  through   use.    Some  of   this   system   of   establishing   rights 
through  use  has  found  its  way  into  law — squatters'  rights,  public 
^thoroughfares,  acquisition  of  water  rights  through  beneficial  use, 
or  example.  To  bring  this  closer  to  home,  think  for  a  minute  of 
he  use  rights  that  you  possess  and  would  raise  a  fuss  about  if 
hey  were  threatened ;  your  desk,  other  office  furniture,  the  com- 
any  car  assigned  to  you,  tools  and  equipment,  your  space  in  the 
parking  lot. 
I      A  related  idea,  that  one  individual  or  corporation  should  have 
■no  more  of  basic  resources  than  he  can  use  is  firmly  fixed  in  the 
Ipublic's  thinking  and  many  examples  of  this  also  can  be  found  in 
"our  laws.  Our  public  land  disposal  policies,  some  escheat  laws,  lim- 
itations on  the  amount  of  land  to  be  irrigated  by  individuals  on 
Bureau  of  Reclamation  projects,  the  perennial  attempts  to  pass 
graduated  land  tax  laws  are  examples.  Perhaps  our  graduated  in- 
come tax  laws,  although  theoretically  based  on  ability  to  pay,  are 
also  a  reflection  of  this  same  idea. 

A  human  trait  common  to  most  of  us,  even  those  of  us  who 
onsider  ourselves  civilized  and  law  abiding  citizens,  is  the  habit 
of  using  land,  space,  resources,  that  do  not  belong  to  us  if  the 
irightful  owner  does  not  appear  to  be  using  the  property  foi*  the 
moment,  or  if  other  non-owners  are  using  the  property.  What  hap- 
pens to  an  abandoned  farm,  for  example?  What  goes  on 
in  the  vacant  lot  in  your  town?  It  is  a  depository  for  un- 
wanted trash  and  a  source  of  soil  if  you  need  it.  It  is  a  playground 
for  the  neighborhood.  What  happens  to  junk  and  garbage  if  your 
town  does  not  have  an  adequate  collection  system  ? 
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WHY  RESENTMENT 

With  these  gleanings  from  history  and  human  nature — that 
human  needs  in  an  area  can  vary  greatly,  that  we  instinctively  ||ii 
fear  bigness  and  try  to  limit  it,  and  that  we  are  inclined  to  use 
that  which  isn't  being  used — let  us  review  our  activities  in  the  |( 
light  of  the  individual  neighbors  involved  to  see  if  we  can  find 
answers  to  the  question  of  why,  if  good  forestry  practices  are  so 
beneficial,  they  may  stir  up  resentment  rather  than  support. 

We  started  out  with  acquisition,  the  building  up  of  holdings.  |e 
In  this  process  (except  in  the  creation  of  the  forest  reserves  by 
withdrawal  from  public  domain)  we  dealt  with  the  citizens  as  If 
an  equal.  We  became  acquainted  with  him  and  his  family.  Because  p 
travel  was  usually  on  horseback  or  on  foot — distances  were  rel- 
atively great — we  took  our  meals  with  the  family  and  spent  the 
night  in  his  house.  We  accepted  his  hospitality.  We  brought  him  jn 
news  from  the  outside  world.  We  discussed  our  work  and  our 
plans  with  him.  Our  money  for  his  timber  improved  his  lot.  We 
were  taking  off  his  hands  something  that  he  couldn't  use  and  that 
we  thought  we  could  at  a  price  both  parties  considered  fair.  He 
didn't  care  much  who  owned  the  vast  wooded  areas  around  him — 
one  non-resident  owner  was  as  acceptable  as  another — and  per-  p 
haps  the  new  owner  would  do  something  with  the  land.  We  often 
told  him  to  help  himself  to  fuel  wood,  to  graze  the  forest,  even  to 
leave  his  buildings  or  occupy  a  favored  spot  on  our  lands — all 
we  were  interested  in  was  the  mature  timber  of  certain  species  |JI 
and  we  might  not  cut  that  for  twenty  years.  In  fact,  we  often 
bought  the  land  only  because  we  couldn't  acquire  the  stumpage 
without  it. 

These  concessions,  freely  made,  and  usually  not  formalized  by 
written  agreements,  were  transferred  to  new  owners  as  rights 
when  land  changed  hands.  Others  decided  that  if  it  was  all  right 
for  one  man  to  use  company  land  it  must  be  all  right  for  them  to 
use  it  too.  As  these  use  rights  passed  to  new  owners  or  to  the 
next  generation  in  a  family  they  became  more  firmly  established 
in  the  minds  of  the  owner.  Any  limitations,  either  terminal  or 
provisional,  that  might  have  been  included  in  the  discussion  at 
the  time  the  original  concession  was  made  became  inoperative  be- 
cause they  were  not  exercised  and  hence  ceased  to  exist. 

TREADING  ON  TOES 

When  we  started  logging  it  was  a  progressive  operation.  As 
we  pushed  our  railroads  and  spurs  back  into  the  timber  the  local 
resident  came  into  contact  with  another  group  of  our  employees. 
This  group  had  a  job  to  do  and  they  were  rated  on  their  ability 
to  get  the  logs  out  of  the  woods  at  the  lowest  possible  cost.  Some 
of  them  in  their  zeal  to  do  a  good  job,  as  rated  by  the  cost' 
standard,  trod  on  the  toes  of  the  local  citizen.  The  concentration : 
of  people  in  the  logging  camps  sometimes  depleted  the  local  game 
and  fish  supply  which  the  citizen  regarded  as  his  own.  Right-of- 
way  problems  for  the  spurs  arose.  Logging  roads  created  erosion 
problems.  Log  hauling  on  local  roads  through  all  kinds  of  weath- 
er tore  them  up  and  made  them  almost  impassable  to  the  or- 
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inary  farm  wagon.  Some  felt  that  they  had  to  sell  their  timber 
hile  the  logging  was  going  on  in  the  area  because  they  might 
at  have  another  chance,  and  because  this  situation  existed  many 
:^lt  that  they  had  lost  part  of  their  bargaining  power  and  hadn't 
,3t  as  much  for  the  timber  as  it  was  worth.  They  began  to  feel 
le  bigness  of  the  outfit  and  to  resent  somewhat  the  fact  that 
:Loney  was  being  made  out  of  cheap  stumpage.  As  the  logging 
:*ont  passed  on  some  of  the  neighbors  followed  the  job,  often 
aving  too  few  people  in  the  settlements  to  support  schools, 
(lurches,  roads,  and  the  crossroads  store.  The  woods  were  left  full 
i:  tops,  and  slash  which  constituted  a  fire  threat  to  grass,  rail 
:;nces,  and  buildings.  This  had  to  be  burned  for  protection,  and 
allowing  the  logging  and  fire,  brush  and  reproduction  came  in 
lireatening  the  grass  crop.  This  led  to  further  burning  in  a  los- 
g  battle. 

When  we  decided  that  there  might  be  a  future  in  holding  our 
it-over  lands  for  future  crops  of  trees,  these  fires  could  no 
nger  be  tolerated.  Fire  laws  were  passed  which,  in  effect,  made 
'iminals  out  of  people  who  felt  that  they  were  only  protecting 
leir  firmly  established  rights.  We  employed  wardens  and  rang- 
es, built  towers  and  telephone  lines.  Some  of  our  lines  were  built 
ider  contract.  The  contractor,  in  order  to  make  the  maximum 
;ofit  also  at  times  made  enemies  for  us  by  promising  phones  for 
ght-of-way,  by  cutting  trees  that  the  citizens  valued,  by  swing- 
ig  the  line  over  roads  and  trails  to  avoid  clearing,  by  placing  the 
nes  too  close  to  buildings.  His  job  was  to  get  the  line  in  as 
leaply  as  possible — not  to  win  friends  and  influence  people.  Re- 
rictions  on  the  use  of  the  lines  also  made  enemies.  Generally 
'forts  were  made  to  get  emergency  calls  through  but  there  was 
uch  difference  of  opinion  over  what  constituted  an  emergency. 

As  state  protection  agencies  developed,  the  fire  job  was  trans- 
rred  to  their  hands  and  another  contract  between  company  and 
tizen  was  broken.  Gradual  abandonment  of  telephone  lines  in 
^vor  of  radio  also  has  left  some  individuals  and  communities 
ithout  contact  with  the  outside  world. 

With  the  decision  to  practice  forestry,  residual  stands  became 
[ore  important  and  valuable  both  as  a  seed  source  and  as  a  base 
>r  the  next  cut.  Trespass  men  were  needed  to  protect  this  re- 
urce.  a  resource  that  as  far  as  the  local  resident  couTcT  see  was 
3t  being  used.  Some  of  our  trespass  men  too  lost  much  of  their 
'fectiveness  and  their  standing  in  the  community  by  their  own 
olation  of  other  laws. 

AREAS  OF  CONFIJCT  OPENED 

1  As  our  forest  management  work  was  intensified,  more  areas 
f  possible  conflict  were  opened.  Newly  planted  areas  had  to  be 
:otected  from  excessive  grazing.  Both  the  planting  and  the 
jcessary  fencing  eliminated  grazing  land  to  which  the  local  cit- 
en  felt  that  he  had  an  established  right  through  long  use.  Timber 
and  improvement  work  meant,  to  the  local  citizen,  a  reduction 
:  hog  and  deer  feed  in  the  woods,  fewer  den  trees,  fewer  bee 
ees. 
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Increased  costs  of  the  forestry  program  dictated  more  inten 
sive  use  of  the  land.  Idle  acres  became  an  expensive  luxury.  W 
began  to  look  at  the  adverse  uses  (many  of  them  freely  grantei 
during  the  acquisition  program)  to  see  if  they  could  be  eliminate! 
or  made  to  pay  their  way.  Since  no  record  had  been  made  of  earl; 
promises  and  many  of  the  men  who  had  made  them  had  passe» 
out  of  the  picture,  difficulties  in  adjusting  these  uses  on  an  equit 
able  basis  were  bound  to  arise.  The  grapevine  carried  the  new 
from  one  area  to  another.  A  fence  removed  in  one  area  becam 
company  support  for  a  general  stock  law  by  the  time  the  new 
had  made  the  rounds. 

The  development  of  the   forestry   program   also    brought  ; 
change  in  the  company  representatives  who  deal  with  the  loca 
people.  The  foresters  have  entered  the  picture — young,  enthusias 
tic,  anxious  to  make  a  showing — and  for  the  most  part,  foreign 
to  the  local  people  and  their  ways  of  life.  They  understand  littl 
of  company  background  and  history  and  less  of  past  dealings  witj||\ 
the  neighbors.  Practically  all  of  them  have  immediate  military 
backgrounds  with  emphasis  on  unquestioned  following  of  order  1ft 
rather  than  on  finesse  in  dealing  with  people.  \n 

The  citizen  sees  more  of  this  young  man  as  he  passes  up  ani  i  ii 
down  the  road — not  as  a  neighbor  but  as  a  threat  to  his  securitjv  (( 
The  forester  is  a  busy  man.  He  doesn't  have  time  to  stop  anjif 
visit,  to  take  a  meal  or  spend  the  night.  His  contact  with  the  citiia 
zen  is  apt  to  be  brief  and  businesslike.  His  activities  arouse  &mii 
picion  and  since  he  seldom  takes  the  time  to  explain  why  he  ii  :o 
doing  the  things  he  is,  and  what  he  expects  to  do  next,  the  citize/i 
must  speculate  and  put  the  news  on  the  grapevine  to  be  distorlt 
ed  as  it  is  repeated. 

Now,  what  can  we  do  about  it?  How  can  we  extend  the  acdfu 
vantages  of  good  forest  practices  to  the  rural  citizen  as  well  as  tl 
our  urban  neighbors  ?  We  must  remember  first  of  all  that  there  i 
a  basic  difference  between  many  of  our  rural  people  and  those  wh 
have  adapted  their  lives  to  the  ways  of  town  where  wants  ar 
satisfied  by  earning  money  with  which  to  purchase  materia 
things  and  the  pleasures  that  represent  a  comfortable  living.  Th 
rural  citizen  often  has  an  entirely  different  set  of  values.  One  c 
the  most  important  of  these  is  freedom :  freedom  to  go  where  h 
pleases,  when  he  pleases,  space  in  which  to  live ;  freedom  to  mak 
his  own  decisions ;  freedom  from  bosses  and  time  clocks  and  mi 
whistles.  Money  is  important,  of  course,  but  to  many  it  is  a  se( 
ondary  consideration.  We  must  remember  that  they  may  not  war 
to  be  woods  workers  or  forest  farmers ;  that  they  like  their  wa 
of  life;  that  they  don't  want  things  changed.  Particularly,  the 
do  not  want  to  lose  use  rights  that  have  been  theirs  for  genen|f 
tions. 

MARKING  OF  BOUNDARIES 

How  do  we  go  about  establishing  actual  as  well  as  legal  title  t 
our  property?  It  is  generally  agreed  that  the  marking  of  bouncff 
aries  is  a  helpful  first  step.  There  is  a  right  way  as  well  as 
wrong  way  to  go  about  this  simple  job.  If  the  avowed  purpose  is  1 
establish  lines  that  will  save  time  and  money  on  future  operation; 
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imber  cruising,  logging  operations,  protection,  etc.,  if  it  is  the 
iitent  to  keep  our  workers  off  the  lands  of  others  it  will  be  ac- 
eptable.  If,  on  the  other  hand,  the  job  is  approached  from  the 
tandpoint  of,  'This  is  our  land.  Keep  off",  resentment  is  sure  to 
ollow.  The  line  marking  crew  is  also  in  position  to  hear  first- 
land  of  adverse  uses,  of  boundary  disputes,  of  rights  granted  by 
ormer  employees,  etc.  These  should  be  recorded  and  reported 
s  a  basis  for  further  action.  A  next  step  toward  acquii'ing  act- 
al  ownership  might  well  be  the  formal  recognizing  of  uses  of 
ur  lands  by  others  by  written  documents.  This  can  be  done  from 
le  standpoint  of  protecting  the  user  in  his  right  by  making  it  a 
latter  of  record  so  that  future  employees  will  recognize  it.  At 
he  same  time  it  establishes  the  fact  of  ownership  and  the  i-ight  to 
rant  or  reject  such  uses.  Such  agreements  can  have  a  terminal 
ate  requiring  renewal  or  relinquishment.  When  once  placed  in 
writing  the  use  ceases  to  be  inheritable  property. 

It  might  be  a  good  idea  to  take  an  inventory  of  uses  or  needs 
lat  exert  pressure  on  the  forest  property — uses  and  needs  of  ru- 
al  neighbors  and  communities.  Fitting  in  as  many  of  these  needs 
nd  uses  as  can  be  tolerated  without  undue  cost  or  adverse  effect 
or  establishment  of  questionable  precedent)  on  the  forest  would 
e  a  good  investment  in  public  relations.  The  job  must  be  done  on 
businesslike  basis,  not  with  a  paternalistic  attitude,  if  it  is  to  be 
ffective.  In  general  our  experiences  in  buying  cooperation  with 
oncessions  has  not  been  too  rewarding. 

RECREATIONAL  USE 

It  would  be  well  to  recognize  that  the  public  at  large  will  never 
urrender  recreational  use  of  forest  lands  regardless  of  owner- 
lip.  Watershed  influences  are  probably  in  this  same  category. 
^e  will  have  to  recognize  these  public  uses  and  make  room  for 
lem  in  our  planning.  If  we  do  not,  we  can  expect,  eventually, 
le  exercise  of  the  right  of  eminent  domain,  or  legislation  that 
ill  protect  these  rights  for  the  people.  In  the  main  these  uses 
ill  not  conflict  with  the  management  use  of  the  forest  except 
or  the  added  fire  risk.  Studied  effort  on  our  part  might  provide 
or  these  uses  on  an  acceptable  basis.  At  the  same  time  it  is 
uestionable  whether  the  development  of  recreational  areas  for 
ublic  use  on  private  property  is  the  answer.  The  damage  to  tree 
rowth  in  areas  of  concentrated  human  use  is  great  and  the  up- 
eep  of  such  areas  in  an  acceptable  condition  is  a  constant  job 
nd  a  heavy  expense. 

A  next  step  in  acquiring  rights  in  our  own  land  is  evidence 
f  more  intensive  use  of  that  land.  A  twenty-year  cutting  cycle  for 
xample,  may  be  reasonable  on  a  large  property  but  to  the  neigh- 
oring  landowner  twenty  years  with  no  activity  on  the  area  is  a 
png,  long  time.  It  has  the  appearance  of  abandonment  to  him  and 
onsequently  he  feels  free  to  use  the  area.  A  chance  at  a  woods 
3b  every  twenty  years  has  no  attraction  in  planning  a  way  of 
fe.  Shorter  cutting  cycles  where  feasible,  planting,  timber-stand 
!^d  improvement  work,  marketing  of  special  products,  prompt 
alvage  work,  seed  collection,  renewal  of  boundaries,  all  indicate 
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use  of  the  area  and  in  addition  offer  opportunities  for  frequer 
employment  as  well  as  demonstrations  of  good  forestry  practicei 
Incidentally,  our  handling  of  part-time  work  possibilities  merilt 
careful  consideration  and  planning.  The  worker   is  entitled   t 
know  the  probable  duration  and  extent  of  his  employment.  He  ha  i 
to  live.  If  only  part-time  work  is  available,  that  time  should  t 
so  arranged  that  it  interferes  as  little  as  possible  with  his  princ 
pal  occupation.  If,  for  example,  he  is  normally  a  farmer  and  w 
work  him  through  the  planting  season  and  he   misses  a  cro 
then  we  have  probably  contributed  another  family  to  the  \ocii 
relief  load  during  periods  when  we  have  no  work  for  him. 

Now,  the  problem  of  the  young  forester :  How  can  he  appea 
businesslike  without  giving  the  impression  of  officiousness?  Ho^ 
can  he  take  time  to  explain  forest  objectives  and  policy  withoi. 
creating  an   impression  of  idleness?  How  does  he  learn  of  tbi 
promises  and  concessions  granted  by  his  predecessors  and  supei  i 
iors  without  incurring  official  wrath  or  being  regarded  as  nosy 
How  does  he  go  about  learning  the  attitude  of  the  rural  neighbc 
toward  the  outfit  he  represents  is  important  to  the  organizatio 
and  how  can  he  be  made  to  realize  that  his  actions  definitely  in 
fluence  that  attitude? 

With  a  few  exceptions,  the  attitude  and  approach  of  the  em 
ployee  reflects  quite  accurately  company  policy  and  attitude  ( 
superiors;  with  almost  no  exception  the  reaction  of  the  public  U 
any  organization  is  based  on  impressions  made  by  the  employe(^ja 
with  whom  they  come  in  contact.  The  foreman,  the  timber  ariii 
wood  buyer,  the  trespass  man,  the  pay  clerk,  and  to  an  increail 
ing  extent  the  forester  are  the  windows  through  which  the  rur; 
neighbor  sees  the  company.  While  policy  must  come  from  tco 
down,  one  employee,  in  his  dealings  with  the  public,  can,  by  beiri 
officious,  overbearing,  grasping,  unfair  in  his  dealings,  complete' 
negate  that  policy.  If  this  be  true  then  special  concessions,  dl 
nations  to  rural  community  projects,  publicity  campaigns,  barb 
cues,  and  public  relations  experts,  while  sometimes  useful  are  n< 
in  themselves  the  solution  to  the  problem.  Respect  and  neighbor 
support  cannot  be  purchased.  It  can  only  be  earned. 

ATTITUDE  MUST  BE  RIGHT 

Perhaps  then,  the  following  steps  are  in  order:  First,  th 
company  attitude  must  be  right.  Good  public  relations  must  1 
desired.  The  company  must  want  the  cooperation  and  suppo 
of  the  rural  neighbor.  This  fact  should  be  stressed  as  part  of  con 
pany  policy  in  employing  the  new  forester  and  others  who  w 
contact  the  public.  As  a  corollary,  company  policy  should  li 
reviewed  from  the  standpoint  of  public  relations.  Especial 
should  new  programs,  new  woods  activities,  be  analyzed  fro 
this  standpoint.  In  the  job  planning  stage  setting  up  the  progra 
of  explaining  the  new  activity  to  the  public  should  be  just  ; 
important  a  step  as  any  other  part  of  the  plan. 

Second,  the  forester  must  know  company  objectives  and  poli<|of 
and  some  of  the  reasons  behind  them.  If  he  must  perform  h 
work  on  the  basis  of  orders  alone  he  is  working  in  a  vacuum.  I 
will  make  mistakes  in  interpretation  and  application.  His  acti' 
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Uies  will  be  misconstrued.  It  must  also  be  recognized  that  it 
lakes  time  to  do  a  good  public  relations  job  and  that  perhaps  a 
lew  hours  spent  in  getting  a  message  across  to  the  public  is  more 
productive  in  the  long  run  than  the  same  amount  of  time  spent 
supervising  the  crew. 

Third,  the  forester  must  be  given  the  tools  with  which  to  do 
the  job.  The  most  important  of  these  tools  is  the  freedom  to  do  a 
fair  and  honest  job  in  his  dealings  with  his  neighbors.  This  in- 
cludes an  adequate  know^ledge  of  wage  scales,  stumpage  rates, 
methods  of  payment,  contact  requirements,  etc.,  that  enable  him 
to  be  accurate  and  prompt  in  his  dealings.  It  also  includes  explicit 
instructions  as  to  honesty  and  fairness  in  his  business  transac- 
tions. Underestimating,  underscaling,  unreasonable  docking  should 
not  be  tolerated.  He  should  not  be  allowed  to  capitalize  unfairly  on 
the  neighbor's  lack  of  technical  forestry  knowledge.  At  the  same 
time  he  should  understand  that  there  is  nothing  to  be  gained  by 
overscaling,  overestimating,  overpaying  and  similar  practices; 
that  such  practices  buy  contempt  rather  than  support. 

Fourth,  the  forester's  public  relations  activities  should  be  sub- 
ject to  review  and  inspection,  just  as  is  his  job  performance  on 
other  activities.  Foresters  are  human.  They  place  effort  on  the 
activities  on  which  there  is  the  greatest  pressure.  They  like  to  be 
able  to  measure  accomplishments.  Unfortunately  the  results  of  a 
?ood  public  relations  program  are  hard  to  measure  and  they  come 
about  slowly.  If  emphasis  is  not  placed  on  the  program  it  is  apt 
to  be  slighted. 

It  goes  without  saying  that  careful  selection  of  the  employee 
in  the  first  place  is  an  essential.  It  is  difficult  in  a  brief  employ- 
[nent  interview  to  form  a  complete  picture  of  a  man's  ability  to 
ieal  with  others.  Some  clues  may  be  found,  however,  in  his  col- 
ege  activities,  his  work  experience,  and  his  background. 

Changes  in  public  attitude  toward  large  ownerships  cannot  be 
expected  overnight.  Such  changes  can  come  about,  however, 
through  conscientiously  applied  programs  based  on  the  principles 
bf  old-fashioned  neighborliness  and  fair  business  dealings.  More 
foresters  in  the  woods  with  closer  contact  with  the  people  and 
with  authority  to  handle  more  and  more  of  the  decision  on  a  local 
pasis,  as  they  develop  the  judgment  and  capacity  to  make  such 
iecisions,  is  part  of  the  solution. 

j  As  the  forester  assumes  the  management  of  the  area  entrusted 
to  him,  becomes  the  representative  of  the  company  to  the  people, 
^nd  makes  a  place  in  community  life,  then  part  of  the  fear  and 
iistrust  of  bigness  and  ''foreign"  ownership  is  lifted.  When 
nanagement  is  intensified  and  the  forester's  area  of  supervision 
Is  reduced  in  size  from  a  small  empire  to  an  area  of  the  size  that 
rural  people  can  comprehend  (and  the  forester  can  manage  in- 
:ensively)  this  effect  will  be  more  pronounced.  It  is  probably  too 
nuch  to  expect  that  the  rural  neighbor  will  ever  speak  with  pride 
)f  the  company  as  ''our  company",  but  it  is  within  the  realm  of 
Dossibility  that  he  v^ill  someday  think  of  the  forester  as  a  neigh- 
bor and  of  the  forest  and  the  resources  it  represents  as  an  im- 
portant part  of  his  community. 
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RELATIONSHIP  OF  WEATHER  FACTORS  TO  RATE 
OF  SPREAD  OF  THE  ROBIE  CREEK  FIRE^ 

R.  T.  Small^ 
Weather  Bureau,  U.  S.  Department  of  Commerce 

The  RobJe  Creek  Fire  in  Boise  National  Forest,  Idaho,  September  5-9,  1955, 
is  described,  and  concurrent  weather  conditions  are  analyzed.  The  fire 
exhibits  four  different  types  of  behavior  during-  the  5  days.  On  four  of  the 
days,  the  behavior  follows  patterns  previously  recognized  as  being  usually 
associated  with  the  prevailing-  weather  conditions.  The  exceptions  occur  on 
the  third  day,  which  is  meteorologically  similar  to  the  second  day  but  ex- 
hibits a  different  fire  behavior.  Some  implications  that  this  study  has  for 
forecasting  and  research  are  pointed  out. 

Many  observations  have  been  made  regarding  the  cause  of 
forest  and  range  fire  spread  and  a  number  of  well-qualified  men 
have  made  investigations  and  contributed  valuable  reports  and 
technical  papers  on  this  complex  subject.  There  is  general  agree- 
ment that  weather  is  the  most  important  variable  in  fire  spread, 
and  that  the  conditions  which  lead  to  ''blowups"  are  very  complex 
and  difficult  to  predict. 

This  paper  consists  of  a  report  of  the  weather  conditions  which 
existed  during  the  Robie  Creek  Fire  in  the  Boise  National  Forest, 
Idaho,  September  5-9,  1955,  and  an  analysis  of  the  relationship  of 
those  conditions  to  the  fire  behavior. 

There  are  several  reasons  why  this  fire  adapts  itself  to  an 
analysis  of  this  type:  (1)  The  fire  occurred  only  10  to  15  airline 
miles  northeast  of  the  Boise  Weather  Bureau  Airport  Station 
where  regular  surface  and  upper  air  observations  are  made.  (2) 
The  fire  area  was  bracketed  by  two  fire-weather  stations,  Shafer 
Butte  Lookout,  six  miles  north  of  Robie  Creek  at  an  elevation  of 
;  7,590  feet,  and  Idaho  City  Ranger  Station  some  12  miles  northeast 
i  of  the  fire,  at  an  elevation  of  3,950  feet,  in  the  main  Mores  Creek 
drainage.  (3)  The  fire  went  through  four  different  types  of  be- 
havior-day: a  blowup,  a  long  run,  a  potentially  critical  but  quiet 
day,  and  a  quiet  day. 


'An  article  of  this  title  appeared  in  its  entirety  in  the  January  1957 
Monthly  Weather  Review.  A  somewhat  shortened  version  is  published  here 
through  the  courtesy  of  the  author  and  the  Weather  Bureau. 

'  Our  thanks  to  George  M.  Byram  and  Charles  C.  Buck  of  the  U.  S.  Forest 
Service  and  to  DeVer  Colson  of  the  U.  S.  Weather  Bureau  for  their  reviews 
and  comments  on  the  first  draft  of  this  paper.  Our  thanks  also  to  the  staff 
of  the  Boise  National  Forest  for  their  patience  in  answering  questions  and 
supplying  data. 
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The  Robie  Creek  Fire  in  the  Boise  National  Forest  started  in  the 
early  afternoon  of  Labor  Day,  September  5,  1955.  It  was  a  hot, 
dry  day;  the  45th  day  since  there  was  measurable  precipitation 
in  that  area  and  the  21st  consecutive  day  with  the  maximum 
temperature  above  normal.  The  maximum  temperature  at  nearby 
Idaho  City  Ranger  Station  that  day  was  101°  F.  and  the  relative 
humidity  was  6  percent  resulting  in  a  very  high  fire  danger 
(Burning  Index  of  72  on  the  Forest  Service  Model  8  Meter). 

The  fire  apparently  started  on  the  east  side  of  the  Boise  Ridge 
and  at  a  point  on  a  minor  slope  exposed  to  the  southeast.  The  point 
of  ignition  was  in  we'll-cured  grass  in  a  light  stand  of  chokeberry 
brush.  Fuel  in  the  general  area  consisted  mostly  of  dry  grass, 
several  kinds  of  brush,  and  second  growth  ponderosa  pine.  The 
fire  started  at  an  elevation  of  about  5,000  feet,  but  eventually 
spread  over  an  elevation  range  from  4,000  to  5,500  feet.  Although 
winds  were  light  and  variable,  the  other  factors  were  very  con- 
ducive to  fire  spread.  Within  2  hours  of  the  time  that  fire  begam 
there  were  15  to  20  people  from  the  nearby  Karney  Lakes  Resort,, 
four  smokejumpers,  and  a  crew  of  20  trained  fire  fighters  at  the 
scene,  but  the  rate  of  spread  was  so  great  that  the  fire  fighters^ 
had  to  retreat  from  the  fire  area. 

The  fire  started  on  Monday,  September  5,  and  was  brought! 
under  control  on  Friday,  September  9.  Of  the  5  days,  major  runs> 
or  ''blowups"  occurred  on  3  days:  Monday,  Tuesday,  and  Thurs- 
day. On  Wednesday  there  were  minor  flareups,  but  no  sustainedl 
run  occurred.  There  was  very  little  spread  on  Friday  as  estab-- 
lished  lines  were  widened  and  mopup  commenced  (fig.  1). 


Figure  1. — Total  area  of  the  Robie  Creek  Fire  showing  location  where  fir( 
started  on  Monday,  September  5,  1955,  and  its  spread  on  succeedin^ 
days.  Grid  interval  equals  1  mile. 
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During  the  5  days  the  fire  spread  over  8,310  acres  of  private 
and  national-forest  land.  At  the  peak  of  the  attack  over  700  men 
were  emj>loyed  and  total  suppression  costs  were  in  excess  of 
$100,000. 

WEATHER  CONDITIONS 

In  the  attempt  to  determine  which  weather  parameters  had  the 
most  influence  on  the  fire  behavior  during  the  5-day  period,  com- 
parisons were  made  of  the  various  weather  data. 

The  upper  air  measurements  give  the  values  of  temperature  and 
humidity  at  different  heights.  The  decrease  in  temperature  with 
altitude  is  called  the  lapse  rate.  When  this  value  becomes  5%''  F. 
per  1,000  feet  the  lapse  rate  is  known  as  the  dry  adiabatic  lapse 
rate.  With  lapse  rates  considerably  less  than  dry  adiabatic,  the 
atmosphere  is  more  stable.  Where  the  lapse  rate  approaches  or  is 
greater  than  the  dry  adiabatic  rate  the  air  becomes  unstable  and 
upward  motion  is  greatly  increased. 

On  the  assumption  that  stability  would  be  an  important  factor, 
a  comparison  was  made  of  the  twice-daily  Boise  radiosonde  ob- 
servations (fig.  2).  The  lapse  rate  was  very  nearly  dry  adiabatic 
on  Monday,  Tuesday,  and  Wednesday  and  only  more  stable  on 
Thursday  and  Friday. 


75*  F 


TEMPERATURE    CURVE 
DRY  ADIABATIC  LAPSE   RATE  (30l°A) 
MAXIMUM   TEMPERATURE  AT   SHAFER    BUTTE 
MAXIMUM    TEMPERATURE  AT   IDAHO  CITY 
MAXIMUM     TEMPERATURE  AT  BOISE    AIRPORT 


-  Figure  2  —Radiosonde  temperature  observations  at  Weather  Bureau  Airport 
^Station    Bo  se  Idaho,  during  period  of  Robie  Creek  Fire.  Daily  maximum 

tempeiatu?rfor  Shk^^  Biftte  Lookout,  Idaho  City  Ranger  Station,  and 
Boise  Airport  are  plotted  at  their  relative  elevations. 

Plotting  the  maximum  surface  temperatures  at  Shafer  Butte, 

-  Ildaho  City,  and  Boise  WBAS  on  the  soundings  show  that  super- 
iadiabatic  lapse  rates  existed  on  Monday  and  Tuesday  near  the 
surface,  but  the  layer  near  the  surface  was  more  stable  on  Wednes- 
day and  Thursday. 
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The  surface  conditions  as  shown  in  table  1  reveal  that  the 
weather  was  hot  and  dry  all  5  days,  but  that  there  was  a  definite e 
cooling  on  Thursday  and  Friday. 

The  wind  speed  profiles  for  the  0800  MST  and  1400  MST  Boise 
winds  aloft  observations  are  shown  in  figure  3.  The  wind  speeds 
above  7,000  ft.  m.  s.  1.  increased  gradually  during  the  first  4  days 
of  the  fire  and  then  slacked  off  again  at  the  end  of  the  week. 

Table  1. — The  maximum  temperature  and  1600  MST^  relative 
humidity  for  the  5  days  of  the  Robie  Creek  Fire,  Boise  Na- 
tional Forest,  Idaho,  September  5-9, 1955 


Day 


Boise  Weather 

Bureau  Airport 

Station 


Idaho  City 
Ranger  Station 


Shafer  Butte 


Maximum 
temperature 


Monday 

Tuesday 

Wednesday. 

Thursday 

Friday 


°F. 


97 
98 
97 
81 
80 


Relative 
humidity 


Percent 
24 
23 
17 

27 
30 


Maximum 
temperature 


'F. 


101 

100 

92 

80 

81 


Relative 
humidity 


Maximum 
temperature 


Percent 
6 
12 
12 
19 
25 


84 
83 
77 
62 
62 


Relativfv 
humiditi 


Percent 
12 
14 
14 
34 
40 


^  MST  is  mountain  standard  time. 

FIRE  BEHAVIOR 

The  fire  behavior  on  Monday  was  very  similar  to  that  of  Tuess- 
day  and  most  of  the  weather  data  were  strikingly  similar  on  those« 
2  days,  except  for  minor  changes  in  the  winds  aloft  patterns. 

Monday  and  Tuesday  both  had  some  of  the  characteristics  as^- 
sociated  with  a  blowup  pattern ;  i.  e.,  steep  lapse  rates,  high  tem-i 
peratures,  low  humidity,  dry  fuel,  and  relatively  light  winds  aloft.t. 
On  both  Monday  and  Tuesday  the  major  spread  occurred  in  thee 
middle  and  late  afternoon  and  was  accompanied  by  a  nearly  ver 
tical  smoke  column  which  was  topped  by  a  well-developed  cumulusi 
cloud.  Both  Monday  night  and  Tuesday  night  the  smoke  filled  th€( 
surrounding  valleys  and  remained  ilow  until  upslope  motion  com-i 
menced  at  1000  MST  on  Tuesday  and  1100  MST  Wednesday. 

On  Wednesday  the  fire  spread  over  only  about  500  additional 
acres  compared  to  over  3,000  acres  on  Tuesday.  However,  theii 
temperature  lapse  rate  was  almost  as  steep  as  on  the  previous  22 
days  and  the  minimum  relative  humidity  at  Idaho  City  and  Shaf ei 
Butte  was  the  same  as  on  Tuesday.  There  were  minor  changes  ml 
maximum  temperature  with  a  drop  of  6°  at  Shafer  Butte  and  8^ 
at  Idaho  City.  Winds  aloft  were  weaker  at  low  elevations  and<; 
stronger  at  high  elevations  as  shown  by  the  wind  speed  profiles.^ 
On  Wednesday  there  was  no  towering  cloud-capped  smoke  column., 
only  small  areas  of  billowing  smoke  during  the  afternoon.  In  con-i 
trast  to  the  previous  nights  the  fire  continued  to  spread  during? 
the  night,  especially  near  the  ridgetops,  and  there  was  very  little 
smoke  hanging  in  the  valleys  Thursday  morning. 
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On  Thursday  cooler  air  was  obviously  moving  into  the  fire  area 
with  moderate  westerly  winds  across  the  Boise  Ridge  and  down 
onto  the  fire.  In  the  early  morning  the  fire  was  moving  rapidly  up 
the  slopes  exposed  to  the  west,  and  throughout  the  morning  and 
afternoon  the  fire  continued  to  spread  in  an  easterly  direction. 
Maximum  temperatures  were  dow  n  about  20°  from  Tuesday  and 
minimum  relative  humidity  was  up  10  to  20  percent.  Although  the 
fire  covered  nearly  as  great  an  area  on  this  day  as  on  Tuesday  the 
behavior  was  different.  The  wind  was  relatively  consistent  in  both 
speed  and  direction  and  the  fire  moved  from  west  to  east,  up  slope 
and  down.  The  forest  officials  described  it  as  more  of  a  steady 
''push"  than  a  blowup.  The  smoke  column  leaned  to  the  east  and 
although  small  cumulus  tops  appeared  frequently  they  disappeared 
almost  as  quickly  as  they  formed. 

On  Friday  v.inds  were  light  and  variable,  temperatures  were 
about  the  same  as  on  Thursday,  and  the  relative  humidity  was 
higher  by  5  to  10  percent.  In  the  afternoon  a  few  minor  dust 
whirls  were  visible  in  the  ashes  and  smoke  stumps,  but  at  no  time 
was  there  a  serious  flareup  or  threat  to  the  firelines.  By  this  time 
the  suppression  attack  was  organized  and  lines  were  well  estab- 
lished and  manned. 

DISCUSSION 

Arnold  and  Buck^'  have  listed  five  atmospheric  situations  under 
which  fire  blowups  may  occur: 

1.  Fire  burning  under  a  weak  inversion. 

2.  Fire  burning  in  hot  air  beneath  a  cool  air  mass. 

3.  Combustible  gases  from  a  fire  accumulating  near  the  ground. 

4.  Fire  exposed  to  a  steady-flow  convection  wind. 

5.  Fire  burning  near  a  cell  of  vertical  air  circulation. 

The  rapid  spread  on  Monday  and  Tuesday  corresponded  to  situa- 
tion 5,  and  the  conditions  on  Thursday  seemed  to  fit  situation  4. 
On  Monday  and  Tuesday  there  appeared  to  be  a  ''chimney  effect" 
reaching  to  an  estimated  25,000  to  30,000  feet  which  induced  a 
strong  draft  at  the  base  of  the  column. 

Byram^  states  that  for  the  greatest  blowup  potential  the  wind 
should  reach  a  maximum  within  the  first  1,000  feet  above  the  fire 
and  then  decrease  in  speed  with  elevation  for  the  next  several 
thousand  feet.  He  refers  to  this  point  of  maximum  wind  speed 
immediately  above  the  fire  as  the  "jet  point"  and  states  that  the 
wind  speed  near  the  jet  point  for  most  dangerous  fires  will  be  18 
to  24  m.  p.  h.  for  light  to  medium  fuels.  Byram  has  classified  the 
wind  speed  profiles  into  four  main  types,  each  with  two  or  more 
subtypes  (fig.  3). 

In  comparing  the  wind  speed  profiles  of  the  1400  MST  Boise 
winds  aloft  reports  for  the  5  days  of  this  discussion  we  find  that 
the  profile  for  Monday  resembles  Byram's  Type  1-a  except  for 
wind  speed.  The  wind  blowing  upslope  tended  to  offset  this  low 
velocity. 

'  Arnold,  R.  Keith,  and  Buck,  Charles  C.  Blow-Up  Fires—Silviculture  or 
a  Weather  Problem?  Jour.  Forestry  52:  408-411.     1954. 

*  Byram,  George  M.  Atmospheric  Conditions  Related  to  Blow-Up  tires. 
U.  S.  Forest  Serv.  Southeast.  Forest  Expt.  Sta.,  Sta.  Paper  35.  1954. 


148 


FIRE  CONTROL  NOTES 


BOISE 

WB  A  S    WINDS    A 

LOFT 

OBSERVATIONS 

MONDAY  9/5/55 

TUESDAY    9/6/55 

WEDNESDAY  9/7/55           THURSDAY  9/8/55 

FRIDAY  9/9/55 

/•* 

/ 
/ 
/ 

I5.0C 

OFT 

/ 

/ 

y 

f 

f^ 

1  o 

\ 
\ 

/c?    / 

c? 

*y 

1  \ 

\, 

( 

^ 

s 

10.0 

30  FT 

/ 

/^ 

• 

) 

s. 

1 

\    J 

('• 

I 
\ 

/ 

f 







~  7C 

'y- 





C 



"  7  ~ 



} 

— 

— 

i^- 







••^ 

-- 

5,000  ft 

<-. 

-- 

__ 

-") 

1 

FIRE 

^^. 



/- 

-- 

— 

^^ 

— 

— 

-- 

30  10         20        30 

WIND  SPEED  IN  MILES    PER 


10        20         30 

HOUR 


BYRAM  S     COMPOSITE    WIND    SPEED   PROFILE    TYPES 
TYPE  2 TYPE   3 


30  10  20  30         40  50 

WIND  SPEED  IN   MILES    PER    HOUR 


Figure  3. — Daily  winds  aloft  observations  taken  at  Weather  Bureau  Airport 
Station,  Boise,  during  period  of  Robie  Creek  Fire  (upper  graphs)  com- 
pared with  Byram's  wind  speed  profile  types. 

The  wind  speed  profile  at  1400  MST  on  Tuesday  for  Boise 
closely  resembles  By  rani's  Type  3-a  with  the  jet  point  just  above 
the  fire  zone.  This  type  has  strong  winds  at  high  levels,  but  with  a 
layer  of  decreasing  speed  just  above  the  jet  point.  Byram  says  of 
this  particular  profile  '\  .  .  for  a  fire  near  7,000  feet  it  resembles 
the  dangerous  Type  1-a  and  it  is  doubtful  if  the  wind  speeds  at 
high  levels  are  strong  enough  to  shear  off  the  convection  column." 
Type  3-a  and  3-b  may  be  accompanied  by  strong  whirlwinds  and 
rapid  fire  spread  when  jet  point  winds  are  20  m.  p.  h.  or  more.  The 
winds  at  the  jet  point  level  at  Boise  Weather  Bureau  Airport 
Station  were  below  Byram's  minima,  but  speeds  must  have  been 
higher  just  above  the  fire.  Fire  crews  reported  spotting  as  much 
as  a  quarter  of  a  mile  ahead  of  the  fire  Tuesday  afternoon  which 
would  indicate  some  of  the  whirlwind  activity  mentioned  by 
Byram. 

On  Wednesday  the  wind  speed  profile  resembles  Byram's  T3rpe 
1-b,  except  that  wind  speeds  in  the  fire  zone  were  much  below  the 
limits  shown.  The  strong  winds  above  10,000  feet  would  tend  to 
prevent  formation  of  a  convection  column  which  might  induce 
strong  winds  at  the  surface.  Colson^  states  ".  .  .  the  convection 
column  will  not  attain  great  heights  if  the  wind  speed  increases 
too  rapidly  with  height.  Too  strong  a  wind  speed  may  cause  the 
icolumn  to  be  broken  away  from  its  energy  source." 

^  Colson,  DeVer.  Meteorological  Problems  Associated  with  Mass  Fires.  Fire 
Control  Notes  17:  9-11.     1956. 
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Byram's  Type  4-a  resembles  the  wind  speed  profile  and  also  the 
fire  behavior  on  Thursday.  Regarding  Type  4-a  Byram  states 
'*.  .  .  fires  were  intense  and  fast-spreading,  but  they  could  not  be 
considered  dangerous  to  experienced  crews,  nor  were  there  any 
erratic  and  unusual  aspects  to  their  behavior." 

The  speed  profile  at  1400  MST  on  Friday  closdy  resembles 
Byram's  Type  2-a,  but  other  conditions  reduced  the  fire  danger. 

The  fire  behavior  on  Monday,  Tuesday,  Thursday,  and  Friday 
followed  previously  recognized  patterns  usually  associated  with 
the  prevailing  weather  variables.  However,  the  meteorological 
similarity  between  Tuesday  and  Wednesday  was  remarkable  while 
the  fire  Ibehavior  was  very  different.  Following  is  a  comparison 
of  the  2  days : 

1.  Fuel  conditions  on  Wednesday  were  essentially  the  same  as 
.11  Tuesday  with  fuel  remaining  on  a'll  sides  of  the  fire.  Lines  had 
been  established  on  some  of  the  fire  boundary,  but  the  long  run  the 
following  day  indicates  that  the  spread  potential  was  present. 

2.  Figure  2  indicates  that  stability  was  not  the  prime  differenti- 
ating factor. 

3.  When  the  maximum  surface  temperatures  at  Idaho  City, 
3hafer  Butte,  and  Boise  were  plotted  on  the  tephigram  with  the 
Boise  radiosonde  observations  {fig.  2)  it  appeared  that  there  must 
lave  been  a  superadiabatic  lapse  rate  near  the  surface  at  Idaho 
City  and  Shafer  Butte  on  Monday  and  Tuesday  which  was  not 
learly  so  pronounced  on  Wednesday.  This  superheating  effect  was 
it  a  maximum  on  Monday  and  Tuesday,  was  at  a  minimum  on 
Wednesday,  and  gradually  increased  again  on  Thursday  and 
^'riday. 

4.  Minimum  relative  humidity  was  the  same  both  days. 

5.  Maximum  temperatures  were  the  same  at  Boise  and  5°  to  8° 
ower  at  Idaho  City  and  Shafer  Butte  on  Wednesday,  but  that 
change  in  itself  hardly  seems  great  enough  to  be  critical. 

6.  The  winds  aloft  at  Boise  Weather  Bureau  Airport  Station 
jhow  minor  differences  in  direction  on  the  2  days,  but  wind  speed 
profiles  (fig.  3)  varied  considerably.  Byram's  wind  speed  profile 

'".ypes  are  different  for  the  2  days  and  they  offer  a  possible  ex- 
planation for  the  variation  in  fire  behavior  between  the  2  days. 

CONCLUSIONS 

The  principal  objective  in  an  analysis  of  this  type  is  to  develop 
[neans  of  improving  forecast  and  warning  techniques.  Byram's 
mnd  speed  profiles  have  considerable  merit,  as  the  evidence  has 
shown,  but,  from  a  forecaster's  standpoint,  it  would  be  difficult  to 
separate  the  blowup  days  from  the  quiet  days  on  the  basis  of 
)rojected  0800  MST  wind  speed  profiles.  This  is  a  field  in  which 
tirther  study  seems  warranted. 

This  study  indicates  that  the  forecasters  on  large  fires  should 
consider  carefully  the  wind  speed  profiles  and  surface  temperature 
listribution  as  well  as  temperature  lapse  rates,  surface  weather 
;harts,  and  other  observational  material.  If  it  were  possible  to 
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dispatch  a  mobile  radiosonde  observational  unit  to  large  fires  the 
information  gained  would  be  very  valuable  to  the  forecaster  in 
predicting  fire  behavior.  The  cost  of  constructing  and  operating 
a  mobile  radiosonde  unit  would  be  considerable,  but  in  view  of  the 
terrific  property  losses  and  suppression  costs  on  large  fires,  such 
a  unit  would  be  justified.  Pilot  balloon  observations  would  be  im- 
practical because  of  visibility  restrictions,  and  only  very  rarely 
does  a  large  fire  occur  close  enough  to  an  upper  air  observational 
station  to  make  the  data  representative  of  conditions  over  the  fire. 


it       ^       ^ 


Pig  Rings  For  Fastening  Nozzles  To  Backpack  Cans 


Indian  backpack  can  replacement  nozzles  (part  number  235)  come  equipped < 
with  a  swivel  chain  ending  in  a  metal  loop.  The  pump  (part  number  F-9)'i 
to  which  it  is  to  be  attached  has  a  washer  at  the  end.  This  washer  extends  on ' 
one  side  where  it  is  pierced  with  a  hole  where  the  nozzle  swivel  chain  is  tot 
be  fastened.  Twine,  string,  or  wire  are  all  unsatisfactory  for  joining  the  loop  |  4 
at  the  end  of  the  swivel  chain  through  the  hole  in  the  washer  on  the  pump. 


Piy  8Lh9 


A  #  1  pig  ring  makes  a  very  secure,  stout  fastening  which  can  be  easily  in- 
stalled with  widemouthed  pliers.  The  beveled  edges  of  the  ring  come  together 
for  a  very  tight  fit.  The  joint  may  be  heated  and  sealed  with  solder  for  a 
stronger,  smooth  joint. 

The  cost  is  very  low  and  the  rings  are  readily  available.  One  hundred 
rings  sell  for  twenty  cents. — Eldon   Campen,  Farm  Forester,  Division  o}4 
Forestry,  Illinois  Department  of  Conservation.  I 
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STANDARD  FIRE  FIGHTING  ORDERS 

1.  Keep  informed  on  FIRE  WEATHER  conditions  and  forecasts. 

2.  Know  what  your  FIRE  is  DOING  at  all  times — observe  per- 
sonally, use  scouts. 

3.  Base  all   actions  on  current  and  expected  BEHAVIOR  of 
FIRE. 

4.  Have  ESCAPE  ROUTES  for  everyone  and  make  them  known. 

5.  Post  a  LOOKOUT  when  there  is  possible  danger. 

6.  Be  ALERT,  keep  CALM,  THINK  clearly,  ACT  decisively. 

7.  Maintain  prompt  COMMUNICATION  with  your  men,  your 
boss,  and  adjoining  forces. 

8.  Give  clear  INSTRUCTIONS  and  be  sure  they  are  understood. 

9.  Maintain  CONTROL  of  your  men  at  all  times. 

0.  Fight  fire  aggressively  but  provide  for  SAFETY  first. 
Every  Forest  Service  employee  who  will  have  fire  fight- 
ing duties  will  learn  these  orders  and  follow  each  order 
when  it  applies  to  his  assignment. 

(s)  R.  E.  McArdle 

Chief,  Forest  Service 

une  28,  1957 


HELICOPTER  MESSAGE  OR  CARGO 
DROP-AND-PICKUP  KIT 

James  Murphy^ 
A  helicopter  drop-and-pickup  unit  has  solved  many  of  the  com- 
munication problems  arising  on  fires  and  other  projects,  particu- 
larly where  the  use  of  radio  is  limited. 

THE  MESSAGE  UNIT 

Any  type  of  conventional  message  tube  may  be  used  (fig.  1). 
Surplus  Army  plastic  message  cylinders  were  used  for  the  origi- 

^  Cooperator,   California  Forest  and  Range  Experiment  Station,  working  r 
under   cooperative   agreement  with   Utah   State  University.   This  report  is  ! 
based  upon  work  which  was   conducted  by   the   writer  while    employed   as 
Air  Officer,  Angeles  National  Forest,  Region  5,  U.  S.  Forest  Service. 


^Wi- 


I 
II 


Figure  1. — Two  types  of  message  units.  Left:  U.  S.  Army  message  cylinder 
with  holes  drilled  in  cap  for  pickup  cord.  Right:  Homemade  cardboard 
tube  with  elastic  band  to  hold  caps  in  place.  Nylon  cord,  pencil,  and     i 
instruction  sheet  are  enclosed  in  message  tube. 
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nal  tests.  Holes  were  drilled  in  the  plastic  caps  through  which 
a  nylon  cord  could  be  passed  when  preparing  for  the  pickup.  A 
less  expensive  and  simp^ler  message  tube  was  developed  later  in 
the  season  from  a  1 1/2-inch  diameter  cardboard  tube  cut  in  9-inch 
lengths.  One-half  inch  elastic  garter  bands  were  looped  lengthwise 
around  the  entire  tube,  attached  to  cardboard  caps,  and  immobil- 
ized with  acetate  tape  at  each  end  of  the  tube.  The  elastic  allows 
the  caps  to  be  stretched  from  the  tube  far  enough  to  insert  or 
remove  the  message.  A  long  yellow  streamer  makes  the  unit 
visible  during  the  air  drop.  Enclosed  in  the  message  tube  are  a 
pencil,  sheet  of  instructions,  and  35-foot  length  of  nylon  cord. 


THE  PICKUP  UNIT 

The  pickup  unit  remains  with  the  ship  at  all  times.  It  consists 
of  a  hand  reel,  much  the  same  as  a  fishing  dropline  hand  reel,  and 
a  heavy  nylon  cord  (parachute  shroud  cord)  with  a  weight 
attached.  The  weight  is  cast  from  any  light  metal  alloy  and  should 
weigh  a  minimum  of  8  ounces  for  maximum  control.  It  it  3^2- 
inches  long  and  tapers  from  the  rounded  base,  li/2-inches  in 
diameter,  to  34-inch  at  the  top.  Three  triangular  projections  ex- 
tend the  top  surface  of  the  weight  %-inch,  forming  three  grooves 
between  them.  A  14-inch  hole  extends  lengthwise  through  the 
weight  for  cord  attachment.  For  safety  reasons,  the  weight  should 
be  painted  high-visibility  yellow  (fig.  2). 


Figure  2. — Pickup  unit  consists  of  hand  reel,  cord,  and  weight.  Note  pro- 
jections and  grooves  on  top  of  weight  to  catch  cord  to  which  message 
tube  is  attached. 


154 


FIRE  CONTROL  NOTES 


HOW  IT  IS  USED^ 

1.  The  message  tube  is  dropped  to  the  ground  party  with  mes- 
sage and  pickup  instruction  sheet  enclosed.  Care  must  'be  taken  in 
dropping  tube  so  that  men  on  the  ground  are  not  endangered.  If 
a  return  message  pickup  is  desired,  the  yellow  streamer  is  waved 
by  the  man  on  the  ground. 

2.  The  ny*lon  cord  is  removed  from  the  message  tube  and  un- 
wrapped. It  is  threaded  through  the  holes  in  the  message  tube, 
and  the  ends  are  tied  together.  The  result  will  be  a  continuous 
loop  of  cord  with  the  tube  attached. 

3.  The  cord  is  suspended  loosely  6  feet  above  the  ground  by  two 
men  standing  15  feet  apart.  The  remainder  of  the  cord  loop  and 
the  message  tube  are  allowed  to  trail  on  the  ground.  Sticks  may  be 
substituted  to  support  the  cord  if  assistance  is  not  available  (fig.  3) . 

4.  The  helicopter  reduces  speed  to  about  20  miles  per  hour  and 
flies  as  low  over  the  area  as  is  safe.  The  weight  and  cord:  are  paid 


^The  techniques  described  here  should  not  be  tried  unless  the  crew  has  been 
properly  instructed  in  the  safety  practices  required.  If,  for  example,  the 
pickup  cord  is  held  too  tightly,  the  message  unit  may  be  flipped  into  the 
'copter's  control  cables  or  its  tail  rotor. 


Figure  3. — Helicopter,  moving  at  slow  forward  speed,  flies  over  pickup 
area.  Grooved  weight,  suspended  from  the  ship,  contacts  the  cord  with 
attached  message  tube,  and  the  air  snatch  is  completed. 


FIRE  CONTROL  NOTES  155 

out  over  the  front  horizontal  tube  of  the  skid  assembly  until  the 
weight  is  near  the  ground.  The  horizontal  tube,  present  on  the 
Hiiler  and  the  Bell  47-G,  acts  as  a  guide  and  furnishes  better 
control  over  the  weight.  The  weight  is  lowered  until  it  hooks  the 
suspended  cord.  The  cord  is  reeled  into  the  helicopter,  and  the 
message  pickup  is  complete. 

The  same  procedure  is  used  when  a  cargo  pickup  is  necessary. 
The  cargo  is  packed  in  a  knapsack  or  tied  securely  in  a  bundle 
and  substituted  for  the  message  tube  during  the  pickup  procedure. 
All  tests  were  made  with  weights  less  than  60  pounds,  and  further 
experimentation  is  necessary  before  cargo  pickup  in  excess  of  60 
pounds  can  be  attempted. 

The  drop-and-pickup  device  and  procedure  have  been  tested  on 
many  occasions.  It  takes  little  time  and  is  simply  executed.  The 
reduced  speed  of  the  helicopter  and  the  ability  of  the  man  in  the 
ship  to  guide  the  weight  reduce  the  chance  of  the  weight  striking 
the  men  on  the  ground.  There  are  no  hooks  involved,  and  therefore 
no  danger  of  ''hanging-up"  the  weight  on  brush  and  other  ground 
objects  while  performing  the  pickup. 


COMBINATION  PUMP  TRUCK  AND  TRACTOR 

TRANSPORT 

LoREN  A.  Tucker 

Supervisor,  Division  of  Fire  Control,  Washington 

Department  of  Natural  Resources 

To  bring  more  flexibility  and  utility  into  tractor  trans- 
port for  fire  fighting,  the  Fire  Control  Division  of  the  Depart- 
ment of  Natural  Resources  in  Washington  has  designed  a  rig  for 
transporting  small  D-4  class  tractors  equipped  with  dozers.  An 
especially  designed  dump  truck  provides  pulling  power.  It  has 
a  two-speed  rear  axle  with  an  18,000-pound  carrying  capacity, 
heavy  duty  front  springs  with  a  5,500-pound  carrying  capacity, 
and  a  360-cubic  inch  displacement  engine  ordered  special  to  haul 
the  extra  load.  A  980-gallon  flat  tank  slipon  unit  is  designed  as  a 
pumping  unit.  This  unit  is  divided  into  two  compartments  so  that 
the  truck  can  carry  200  gallons  of  water  at  all  times,  even  while 
it  is  pulling  the  tractor  transport.  The  truck  is  equipped  with  a 
heavy  duty  hitch  to  haul  a  lowboy  trailer,  which  is  used  as  the 
tractor  transport  (fig.  1).  The  first  lowboy  was  built  in  the  De^ 
partment  shops,  but  it  was  later  found  that  they  could  be  pur- 
chased direct  from  a  trailer  construction  company  as  cheaply  as 
our  shop  could  build  them.  The  trailer  has  a  24,000-pound  gross 
vehicular  weight. 
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Figure  1. — Combination  pump  truck  and  tractor  transport. 
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Contrary  to  the  old  conventional  flat-bed  transport,  which  was 
of  very  little  value  once  the  tractor  reached  the  fire,  this  unit 
transports  the  tractor  to  the  fire  and  the  truck  is  disconnected  and 
used  as  a  pump  truck  for  initial  attack  and  mopup  purposes  until 
time  to  transport  the  tractor  back  home  again. 

For  road  maintenance  projects,  this  has  proved  to  be  an  ideal 
unit  also,  as  the  dump  truck  takes  the  tractor  right  along  with  it. 
The  two  can  work  together  on  fills  and  culverts  and  it  is  not  nec- 
essary to  have  a  driver  for  the  tractor  transport  in  addition  to 
the  regular  dump  truck  driver. 

Detailed  specifications  can  be  furnished  by  the  Department  to 
those  who  are  interested. 

';  1^      1^     -^ 

Smokey  At  Lake  Ouachita 

Smokies,  by  the  thousands,  ride  the  waves  of  Arkansas'  Lake  Ouachita  in 
the  continuing  effort  to  keep  the  fire  prevention  message  before  the  two  mil- 
lion visitors  seeking  recreation  on  and  around  this  new  40,l()0-acre  lake 
administered  by  the  U.  S.  Engineers  in  the  heart  of  the  Ouachita  National 
Forest.  The  concessionnaires  at  the  fishing  villages  and  boat  rental  landings 
were  requested  to  let  us  put  Smokey  bumper  strips — Prevent  Woods  Fires — 
in  the  bow  of  all  their  boats.  All  of  the  operators  enthusiastically  offered 
their  boats  to  transport  Smokey  as  a  constant  reminder  against  forest  fires. 
With  Smokey  in  the  boats,  signing  the  islands  came  next.  The  islands  are 
signed,  along  with  their  identification  number,  with  the  standard  44x16  fire 
prevention  poster  mounted  in  a  new  frame.  The  Corps  of  Engineers  has  fif- 
teen recreation  areas  on  Lake  Ouachita,  and  in  these  we  are  using  a  small 
standard  Smokey  poster,  mounted  in  a  neat  wooden  frame  with  a  small  hang- 
over to  keep  his  nose  in  the  shade.  Fifty  of  the  islands  are  posted  with  the 
big  44x16  signs,  and  100  of  the  smaller  Smokey  frames  adorn  the  recreation 
areas.  The  lodges  and  concessions  are  displaying  the  easel  type  Smokey. 

This  fire  prevention  project,  aimed  at  the  multitude  of  fishermen  at  Lake 
Ouachita,  was  a  cooperative  arrangement  between  the  concessionnaires,  Corps 
of  Engineers,  and  the  Jessieville  and  Womble  Ranger  Districts  of  the  Oua- 
chita National  Forest.  All  made  some  contribution  in  making  frames, 
mounting  posters,  and  placing  them  in  boats,  on  islands  and  peninsulas,  and 
among  the  recreation  areas  and  lodges  of  the  fishing  villages. — W.  L.  Lane, 
District  Ranger,  Ouachita  National  Forest. 


HONEYCOMB  PAPER  FOR  PROTECTION  OF 
AIR  CARGO 

W.  C.  Wood 
Equipment  Specialist,  Region  1,  U.  S.  Forest  Service 

The  Missoula  Aerial  Equipment  Development  Center  has  re- 
cently begun  a  preliminary  study  of  the  value  of  honeycomb  paper 
for  absorbing  impact  shock  on  air  cargo.  While  considerably  more 
investigative  v^ork  remains  to  be  done,  it  was  felt  that  the  infor- 
mation brought  out  to  date  should  be  passed  on  for  the  benefit  of 
those  involved  in  aerial  delivery  programs.  Undoubtedly,  field  use 
of  this  new  material  will  result  in  the  development  of  new  methods 
and  techniques. 

Briefly,  honeycomb  paper  is  a  direct  imitation  of  the  honeybee's 
architectural  ingenuity.  Strips  of  ordinary  kraft  paper  are  formed 
into  cellular  sections  similar  to  those  found  in  beehives.  These 
cellular  sections  are  sandwiched  (glued  on  edge)  between  flat 
sheets  of  kraft  paper.  When  subjected  to  impact  loads,  the  paper 
cells  crush  and  absorb  the  energy  of  the  impact.  The  honeycomb 
paper  is  available  in  several  thicknesses  with  a  variety  of  cell 
sizes  and  kraft  paper  weights.  The  smaller  cells  and  heavier  paper, 
of  course,  yield  at  higher  impact  forces  and  thus  provide  more 
energy  absorption.  For  some  cargo  the  use  of  honeycomb  pallets 
will  provide  as  much  as  400  percent  increased  protection  against 
damage. 

In  drop  tower  tests,  it  was  shown  that  lightweight  5-gallon  tins 
of  water  would  burst  upon  impact  when  dropped  unprotected  on 
soft  ground  from  a  height  of  9  feet.  With  3-inch  honeycomb  pal- 
lets, these  cans  could  be  dropped  from  18  feet  without  bursting. 
The  increase  in  velocity  as  a  result  of  falling  this  greater  distance 
resulted  in  approximately  four  times  more  impact  force. 

Honeycomb  is  adaptable  to  Forest  Service  cargoing  techniques. 
It  is  particularly  well  suited  for  use  in  palleting  of  air  cargo. 
Water  cans  may  be  banded  singly  or  doubled  and  protected  by 
honeycomb  (figs.  1  and  2).  For  most  purposes,  it  is  better  to  ex- 


FlGURE   1. — Single   5-gallon   disposable   water  cans   with   metal-strap  cargo 
method  and  with  honeycomb  pallets,  Vz  inch  and  1  inch  thicki, 
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Figure  2. — Double  can  cargo  method.  Note  that  board  is  used  to  prevent 
metal  band  from  crushing-  cans.  Small  wooden  blocks  hold  cargo  handle  in 
place.  Honeycomb  is  1%  and  2  inches. 

tend  the  pallet  edges  approximately  an  inch  beyond  the  corners  of 
containers.  An  equipment  development  proposal  to  investigate  the 
application  of  honeycomb  to  other  standard  cargo  items  (tools, 
etc.)  has  been  approved  for  fiscal  year  1958.  One  optimistic  view- 
point is  that  with  proper  use  of  honeycomb  padding,  certain 
durable  cargo  items  might  be  delivered  free  fall  without  damage. 

Honeycomb  pallets  are  superior  to  plywood  or  other  wooden 
pallets.  Honeycomb  may  be  easily  cut  with  a  handsaw  and  is  ex- 
tremely lightweight.  It  is  sold  in  board-foot  quantities  and  is  less 
expensive  than  plywood.  Recent  price  lists  show  honeycomb  to 
cost  about  6  cents  per  board-foot. 

Air  drop  tests  using  12-foot  diameter  parachutes  showed  that 
more  than  twice  as  much  water  can  be  dropped  without  damage 
when  honeycomb  pallets  are  used  (fig.  3).  In  some  cases  water 
cans  burst  upon  impact  when  the  honeycomb  pallet  failed  to  crush 
and  absorb  the  energy  of  the  impact.  Pallets  made  from  lighter 


Figure  3. — Ninety  pounds  of  water  dropped  on  a  12-foot  parachute.  Note 
deformation  of  cans  without  leakage.  Honeycomb  at  top  and  sides  is  un- 
necessary. 
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paper  and  with  larger  cells  would,  in  this  case,  provide  more  pro- 
tection. A  good  deal  of  experimenting  will  be  necessary  in  deter- 
mining the  correct  weights,  sizes,  and  thicknesses  needed  to  pro- 
vide maximum  and  economical  protection  for  the  various  air  cargo 
items  used  in  fire  control  work. 

As  with  any  kraft  paper  the  honeycomb  is  weakened  by  mois- 
ture. Reasonable  precaution  against  wetting  should  be  taken. 
Resin-impregnated  honeycomb  (water  resistant)  is  available,  but 
at  higher  cost.  Honeycomb  sheets  should  be  ordered  expanded  and 
faced  on  two  sides.  For  most  water  cargo  in  standard  5-gallon 
cans,  we  suggest  the  1-inch  thickness  until  additional  information 
is  obtained.  This  is  described  as  99(0)  %  EDF  Caliper  1  inch.  For 
added  protection,  additional  sheets  may  be  used.  Honeycomb  paper 
may  be  ordered  from  leading  paper  fabricators. 


AIRBORNE  BUCKET  BRIGADE^ 

Bush  fire  fighting  planes  in  Ontario  may  be  soon  equipped  with 
water  tanks  that  can  be  filled  while  the  aircraft  skims  over  a  lake 
One  Department  of  Lands  &  Forests  plane,  an  Otter  stationed  at 
Sault  Ste.  Mane  has  been  fitted  with  a  tank  on  each  float  (fig  1) 
It  can  take  on  180  gallons  of  water  in  18  seconds— without  stop- 
pmg.  This  IS  accomplished  as  the  aircraft  skims  along  the  surface 
of  a  lake  dragging  a  refill  pipe  on  the  step  of  the  seaplane  float 


Figure  1. — A  float-tank-equipped  Otter. 


While  the  float  tank  designed  by  Lands  &  Forests  engineers  is 
still  in  the  development  stage,  the  Department  considers  it  highly 
promising  (fig.  2).  Said  District  Forester  William  Cleaverley,  '*a 
plane  flying  in  the  neighborhood  of  100  feet  can  concentrate  a  180- 
gallon  drenching  and  really  saturate  the  area.  Pumps  and  water- 
bombs  are  ineffectual  when  compared  to  the  new  tanks." 

^Illustrations  for  this  article  were  furnished  by  the  De  Havilland  Aircraft 
of  Canada,  Ltd.,  Downsview,  Ontario. 
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Figure  2. — Flying  low  and  slow  over  the  fire,  the  pilot  flips  the  switch,  the 
tanks  revolve  and  open  to  release  their  cargo.  Baffle  plates  prevent  the 
water  from  sloshing. 


In  earlier  experiments  the  tanks  were  fitted  to  the  fuselage  of 
the  plane,  but  with  tanks  thus  positioned  the  plane  had  to  stop  to 
reload.  The  '*on  the  run"  reloading  feature  of  the  float-positioned 
tanks  cuts  the  turn-around  time  to  a  fraction.  Given  a  situation 
where  a  fire  is  burning  within  2  miles  of  a  lake,  a  float-tank-equip- 
ped Otter  could  deliver  an  approximate  1,800-gallon  drenching 
over  the  fire  area  within  an  hour.  This  would  thoroughly  drench 
an  area  of  2,000  square  feet. 

Since  1948,  Ontario  Provincial  Air  Service  Beavers  (and  later 
Otters)  have  been  fighting  fires  in  Ontario's  woodlands  (figs.  3 
and  4).  OPAS  is  the  Department's  air  arm  and  has  some  40 
Beavers  and  5  Otters.  The  Otter's  float  tank  will  be  redesigned  to 
fit  the  smaller  Beavers. 

A  useful  piece  of  fire  fighting  equipment  transported  by  the 
Beaver  to  otherwise  inaccessible  forest  fire  locales  is  the  pack 
tractor  which  can  be  taken  apart,  put  in  the  cabin  and  quickly  re- 
assembled when  the  destination  is  reached.  Developed  jointly  by 
the  Research,  Air  Service,  and  Forest  Protection  Division,  this 
small,  but  highly  efficient  wheel-track  vehicle  will  carry  a  700- 
pound  load  up  a  steep  hill  at  walking  speed. 
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Figure  3. — A  Beaver  drops  a  portable  gas-engined  fire  pump  in  a  cushioned 
cannister  to  a  waiting  fire  crew. 


I  Figure  4.' — Equipment  unloaded  from  Beaver  to  dock  after  successful  fire 

fighting  operation. 


PRIMACORD  TESTED  FOR  BLASTING  FIRELINE 

W.  G.  Banks  and  R.  H.  Fenton 
Foresters,  Northeastern  Forest  Experiment  Station 

Labor  for  fighting  forest  fires  is  not  always  readily  available  in 
the  Northeast ;  so  any  tool  that  offers  even  a  remote  possibility  of 
reducing  fire-control  manpower  requirements  seems  worth  in- 
vestigating. Primacord,  a  type  of  detonating  fuse  used  in  blasting, 
fell  in  this  category.  Primacord  was  considered  as  a  means  of 
making  or  helping  to  make  f  irelines. 

Some  testing  of  Primacord  as  an  aid  in  making  firelines  was 
previously  conducted  by  Thomas  W.  Church,  Jr.,  of  Whitney  In- 
dustries, Inc.,  in  northern  New  York;  and  his  findings  were  sim- 
ilar to  ours. 

Primacord  consists  of  an  explosive  core  of  Pentaerythritete- 
tranitrate  contained  within  a  waterproof  textile  or  plastic  cover. 
The  cord  comes  in  rolls  of  500  and  1,000  feet,  of  various  strengths 
from  40  grains  per  foot  upward.  The  cost  is  approximately  31/2 
cents  a  foot  for  50-grain  cord  with  plain  textile  cover,  and  double 
that  for  100-grain  cord. 

It  was  recognized  that  there  might  be  a  number  of  drawbacks 
to  the  use  of  this  product.  For  example:  (a)  the  danger  of  work- 
ing with  explosives  in  close  proximity  to  going  fires  and  under  the 
pressures  frequently  accompanying  fire  suppression;  and  (b)  the 
possibility  of  setting  additional  fires.  However,  we  decided  to 
carry  out  some  exploratory  testing  of  Primacord  to  observe  in  a 
general  way  its  capabilities  and  limitations  for  making  or  helping 
to  make  satisfactory  firelines. 

Primacord  is  relatively  safe  to  use  and  store.  According  to  the 
manufacturers  it  cannot  be  set  off  by  friction,  sparks,  or  any  or- 
dinary shock,  but  must  be  detonated  with  a  blasting  cap  attached 
to  it.  To  check  the  sensitivity  we  laid  two  short  pieces  within  2 
inches  of  a  stretch  of  cord  being  detonated.  These  sections  were 
blown  several  feet  away  and  the  covering  was  torn,  but  they  were 
not  exploded.  One  short  section  was  burned  without  indication  of 
explosion. 

Tests  were  conducted  April  15,  1957,  at  the  Virginia  Pine- 
Hardwood  Research  Center  at  Beltsville,  Md.  The  two  major  ob- 
jectives were: 

1.  To  test  the  potential  of  Primacord  for  making  an  adequate 
f  ireline  under  various  conditions  of  litter  and  underbrush. 

2.  To  test  the  fire-setting  hazards  of  Primacord. 
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Our  tests  were  made  in  (1)  mature  Virginia  pine-hardwoods 
with  heavy  hardwood  litter  and  x^atches  of  low  brush;  (2)  pure 
Virginia  pine  40-50  years  old,  open,  and  with  considerable  under- 
brush; (3)  mature  hardwoods,  lightly  logged,  open;  and  (4)  pure 
Virginia  pine  about  30  years  old,  fairly  dense  and  with  little  un- 
derbrush. During  the  period  of  testing,  the  burning  index  ranged 
from  35  to  60  on  the  Southeastern  Forest  Experiment  Station  me- 
ter type  8. 

Only  the  50-grain  Primacord  was  available  for  our  tests.  For  a 
heavier  blast  we  twisted  two  50-grain  strands  together  and  as- 
sumed that  this  would  give  approximately  the  same  results  as  the 
100-grain  cord.  Both  single  and  double  strand  were  used  in  all 
types  except  the  40-50-year-old  pure  Virginia  pine. 

The  principal  results  of  our  tests  were  as  follows : 

1.  The  firelines  were  judged  to  be  inadequate  to  stop  a  surface 
fire,  or  to  backfire  from  without  additional  widening  and  deepen- 
ing. It  was  estimated  that  the  time  required  to  make  a  satisfac- 
tory line  would  be  reduced  no  more  than  30  percent  by  using 
Primacord.  The  best  line  made  was  in  a  pure  Virginia  pine  stand 
about  30  years  old.  This  resulted  from  a  double  strand  of  Prima- 
cord and  probably  reduced  by  50  percent  the  time  required  to 
make  a  satisfactory  line  for  backfiring. 

2.  Double  lines,  as  well  as  splices  and  loops  of  50-grain  Prima- 
cord, were  exceedingly  liable  to  start  fires  in  hardwood  litter 
(fig.  1).  In  the  course  of  testing,  many  fires  were  set.  On  one  30- 


FlGURE  1. — Primacord  at  moment  of  detonation.  A  noticeable  flash  of  fire 
occurred,  especially  when  a  double  strand  was  used. 
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foot  stretch  of  double  strand,  seven  fires  were  started  (figs.  2 
and  3).  On  another  short  stretch  of  about  8  feet  of  double-strand 
Primacord,  the  whole  line  seemed  to  burst  into  flame. 


Figure  2. — A  double  strand  of  Primacord  laid  and  ready  to  detonate  in 
a  mature  Virginia  pine-hardwood  stand.  The  litter  here  is  mostly  hard- 
wood leaves. 


3.  No  fires  were  started  in  pine  litter.  However,  in  spite  of  the 
burning  index,  the  pine  litter  would  hardly  support  a  fire.  If  con- 
ditions were  such  that  surface  fires  would  spread  readily  in  the 
pine,  then  the  Primacord  might  set  fires  there  too.  We  were  un- 
able to  determine  this  possibility  while  these  tests  were  being 
made. 

4.  When  suspended  on  brush  only  a  foot  above  ground  the 
Primacord  was  of  little  value  in  making  a  f  ireline. 

On  the  basis  of  these  limited  tests,  the  authors  feel  that  Prima- 
cord has  no  practical  application  for  fire-control  work  in  the  pine 
and  hardwood  stands  of  the  coastal  plains  in  the  Middle  Atlantic 
States.  Nor  were  we  encouraged  by  the  results  to  continue  the 
tests  elsewhere  in  the  Northeast.  Of  course  there  may  be  certain 
conditions  under  which  this  material  would  be  helpful  in  fireline 
construction,  for  example,  in  the  pine  flatlands  of  the  deep  South, 
where  rather  light  litter  is  found  on  top  of  sand. 
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Figure  3. — The  line  made  by  detonating  the  Primacord  shown  in  figure  2. 
Seven  fires  in  30  feet  of  line  were  started  by  the  detonation. 


HIT  'EM  HARD  WHILE  THEY'RE  SMALL 

Tom  Smith  and  Mark  Boesch 
Bitterroot  National  Forest 

This  story  was  written  for  use  in  training  initial  attack  forces  and  in- 
experienced dispatchers.  It  is  applicable  mostly  to  mountainous  timber  areas 
of  the  West  but  should  be  of  interest  to  all  forest  fire  control  men. — Ed. 

KEEPING  AN  EYE  ON  THE  WEATHER 

It  was  0730  on  the  morning  of  August  10.  The  Darby  District  of 
the  Bitterroot  National  Forest  was  ready  to  begin  another  busy 
summer  day.  Dispatcher  Boesch  turned  to  the  brush  crew  fore- 
man, about  to  leave  for  the  Lick  Creek  timber  sale  area  with  his 
four-man  crew. 

"Clarence,  we  better  have  hourly  checks  beginning  at  0930.  Til 
have  the  weather  forecast  from  the  Supervisor's  office  by  then, 
and  we'll  have  an  idea  of  what's  in  store  for  us.  If  I  don't  miss  my 
guess,  you  fellows  will  be  on  fires  before  the  day  is  over." 

"Okay,"  Clarence  Lindquist  replied.  A  few  minutes  later  he  and 
his  crew  pulled  away  from  the  ranger  station  in  the  carryall  after 
making  sure  it  was  fully  gassed  and  ready  for  a  lot  more  miles 
than  the  ten  or  so  that  would  take  them  to  their  brush  piling  job. 

District  Ranger  Foskette  came  into  the  office  about  that  time. 

"What's  the  picture  for  today,  Mark  ?"  he  asked  his  dispatcher. 

"The  brush  crew's  on  the  way  to  Lick  Creek,  Red.  The  East 
Side  trail  crew  will  be  working  Trail  159  on  the  way  to  Coyote 
Meadows.  They  should  be  checking  in  soon.  We  should  be  hearing 
from  the  Tin  Cup  Trail  crew  any  minute,  too.  I  have  a  hunch  we're 
going  to  be  busy  today.  Here's  the  weather  picture,  based  on  yes- 
terday's readings." 

The  dispatcher  handed  the  ranger  the  sheet  that  had  on  it  not 
only  the  weather  readings  he  had  taken  at  the  weather  station  the 
evening  before,  but  also  the  estimated  readings  for  this  day. 
Ranger  Foskette  studied  them  carefully. 

The  dispatcher  had  predicted  for  this  day  of  August  10  that  the 
i^-inch  fuel  sticks  would  weigh  5 ;  there  would  be  a  severity  index 
of  8;  humidity  of  15  percent;  a  wind  average  of  10  m.  p.  h.  during 
the  afternoon,  making  a  burning  index  of  65.  He  also  predicted 
lightning  for  this  day. 

"Wow!",  Foskette  exclaimed.  "We  better  pray  for  rain  with  that 
storm." 

"Trouble  is,  these  August  storms  don't  give  us  much  rain," 
Boesch  said.  "When  they  do,  it's  generally  spotty.  Right  now  we 
have  dry  areas  on  the  district.  Rock  Creek  is  one.  Hasn't  rained  up 
there  since  July  20,  and  only  a  trace  then." 
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"Lucky  thing  we  haven't  had  any  hot  storms  the  past  2  weeks 
the  way  this  weather's  building  up,"  Foskette  said.  "But  we're 
bound  to  catch  it  sooner  or  later.  Well,  I've  got  to  check  some  of 
the  range  today.  This  dry  weather  isn't  doing  the  grass  any  good 
either.  I'll  take  the  mobile  unit.  Call  you  first  from  Smitty's,  up 
Rye  Creek." 

Bad  as  this  weather  was.  Red  Foskette  couldn't  just  let  every- 
thing else  drop  and  sit  tight  there  at  headquarters,  waiting  for 
something  to  happen.  That's  what  he  had  his  dispatcher  on  the  job 
for.  Boesch  had  been  dispatching  for  1 0  years.  If  he  wasn't  capable 
of  taking  action  on  a  fire  bust  now,  he  never  would  be.  And  he  had 
good  men  to  aid  him.  There  was  the  headquarters  guard,  a  man 
with  wide  experience  who  could  fill  in  behind  the  dispatcher  at 
headquarters,  or  who  could  go  out  and  take  over  a  fire.  There  was 
also  a  station  fireman,  a  skilled  smokechaser  who  had  seen  a  lot 
of  fire  action.  And  there  was  the  packer-truckdriver,  who  could 
either  take  a  string  of  mules  up  the  trail  to  a  fire,  or  could  drive 
a  truck  load  of  fire  fighters  and/or  equipment  to  the  end  of  a 
road. 

The  Darby  District  Ranger  was  a  resource  manager  of  391,000 
acres  of  forest  land.  He  was  as  concerned  with  fire  as  anyone 
else,  but  he  had  other  things  to  look  after  too,  such  as  grazing, 
timber  sales,  road,  trail,  and  other  improvement  work.  He  had 
skilled,  key  men  to  help  him  with  these  various  duties.  The  assist- 
ant ranger  did  a  lot  of  the  timber  work,  helping  to  supervise  the 
cutting  by  private  operators  of  some  ten  million  board-feet  each 
year.  Today  the  assistant  and  his  helper  would  be  working  at 
headquarters  on  scale  books.  But  the  alternate  ranger  was  up  Tin 
Cup  Creek,  inspecting  the  trail  reconstruction  job  that  was  going 
on  there. 

When  the  two-man  East  Side  trail  crew  checked  into  head- 
quarters by  radio  relay  via  the  Deer  Mountain  lookout,  Boesch 
gave  them  the  same  orders  he  had  given  the  brush  crew  foreman. 
The  same  was  true  when  the  Tin  Cup  crew  checked  in. 

EQUIPMENT  CHECKED  AND  COOPERATORS  ALERTED 

Following  the  radio  business  Boesch  gave  orders  to  his  head- 
quarters men  to  make  sure  all  the  station  vehicles  had  been  gassed 
up  the  night  before  and  now  were  ready  to  go.  He  told  them  to 
check  all  the  equipment.  Then  he  mentally  checked  what  they  had 
available.  This  included  two  pickup  trucks,  a  Dodge  power  wagon, 
and  a  one-ton  stockrack  truck.  There  were  25  smokechaser  packs 
made  up,  2  10-man  loose  tool  outfits,  1  Pacific  pump  with  1,200 
feet  of  hose,  4  handi-talkie  radios,  1  jeep  pumper  unit,  and  2  25- 
man  standard  fire  fighting  outfits,  the  latter  sufficient  to  fully 
equip  50  men  on  a  fire.  Finally,  there  were  2  chain  saws.  Soon  the 
dispatcher  heard  the  men  warming  up  both  chain  saws  out  in  the 
shop,  making  sure  they  were  ready  to  use  on  a  fire.  Then  they 
were  testing  the  handi-talkies,  calling  the  lookouts  to  make  sure 
these  vital  radios  were  functioning  properly. 

It  was  now  0815.  Boesch  opened  the  front  door  of  the  office,  be- 
ginning to  get  a  little  warm. 
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''Going  to  be  a  hot  day,"  he  said  to  his  clerk,  who  was  busy  typ- 
ing a  timber  sale  contract. 

Boesch  went  back  to  the  fire  desk  and  opened  his  dispatcher 
binder.  He  turned  to  the  section  where  the  cooperators  were  listed. 
These  people — farmers,  ranchers,  dude  packers,  townsmen,  and 
logging  and  mill  crews — had  all  been  contacted  early  in  June.  All 
were  listed  there  in  the  binder,  along  with  their  experience,  capa- 
bilities, and  the  kind  of  equipment  they  had  to  offer.  The  latter 
included  trucks,  jeeps,  mules  and  horses,  school  busses,  chain 
saws,  and  even  bulldozers.  Boesch  was  personally  acquainted  with 
most  of  these  cooperators  and  could  talk  to  them  on  a  first  name 
basis.  Now,  he  began  calling  them,  seeing  who  would  be  available 
for  fire  duty  that  day. 

Some  of  the  ranchers  in  the  valley  had  hay  down.  Even  so,  most 
of  them  agreed  to  come  to  his  aid  if  Boesch  needed  them  badly 
enough.  Most  of  them  were  grazing  permittees.  They  had  a  big 
stake  in  this  business  of  stopping  fires. 

Jack  Lykins,  a  commercial  packer  on  the  district,  had  a  full 
string  available,  shod  and  ready  to  go,  with  his  own  truck  to  haul 
them  wherever  they  might  be  needed. 

The  sawmills  had  their  crews  working,  and  they  would  spare 
what  men  they  could  in  an  emergency.  They,  too,  had  a  stake  in 
this  business,  since  they  could  not  long  remain  in  business  without 
Bitterroot  Forest  timber. 

The  two  restaurants  in  the  town  of  Darby  were  alerted  to  be 
prepared  to  make  double  lunches  for  fire  fighters.  They  knew  what 
to  put  in  these  lunches — four  big  sandwiches,  fruit,  several  candy 
bars,  cookies  or  pastry — enough  to  do  a  man  all  day  if  necessary. 

As  Boesch  called  the  various  cooperators,  individuals,  and 
crews,  he  made  notes  on  his  ready  pad  on  who  and  what  was  avail- 
able and  even  how  to  contact  them.  That  was  not  only  for  his  own 
use,  but  for  someone  who  might  have  to  fill  in  for  him  here  at  the 
desk  when  the  going  got  heavy. 

By  the  time  Boesch  was  through  working  on  the  list  of  fire 
cooperators,  it  was  0900  and  the  forest  dispatcher,  Tom  Smith, 
was  calling  all  five  of  the  Bitterroot  districts  on  the  radio. 

''Here's  the  weather  forecast,"  Smith  said.  "And  it's  a  bad  one. 
Increasing  cumulus  clouds  today,  followed  by  moderate,  scattered 
lightning  storms  with  little  or  no  rain  over  the  Nezperce,  Bitter- 
root, Beaverhead,  and  Deerlodge  forests.  Humidity  will  range  from 
15  to  25  percent  over  southern  areas.  Maximum  temperature  at 
3,000  feet,  90  to  95  degrees.  Winds  will  be  light  to  gentle,  but  mod- 
erate and  gusty  in  vicinity  of  lightning  storms."  Smith  then  sug- 
gested that  each  district  review  its  manpower  situation  and  ar- 
range to  have  necessary  men  available  for  immediate  action. 

Boesch  gave  his  10-4  that  he  had  received  the  forecast  okay, 
then  after  the  other  districts  had  done  the  same,  he  got  back  on  the 
radio  again  with  Smith. 

"Tom,  in  view  of  that  forecast,  maybe  you'd  better  alert  that 
boomer  crew  of  yours  and  have  them  available.  Looks  like  we'll  be 
needing  them." 
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"Will  do,"  Smith  replied.  He  was  proud  of  this  crew  of  young 
cooperators  he  had  organized  to  chase  smoke  and  fight  fire.  Their 
ages  ran  from  eighteen  to  the  early  twenties — about  a  dozen  young 
huskies  who  had  been  trained  through  previous  smokechasing  and 
fire  fighting  jobs  to  do  a  good  job  of  hitting  the  trails  v/ith  fire 
packs,  all  of  them  being  in  fine  physical  condition. 

''I'll  alert  Fred  Fite,  the  regional  dispatcher,"  Smith  told 
Boesch.  "We'll  probably  be  needing  smokejumpers  too." 

After  this  radio  business  with  Smith,  Boesch  called  the  two 
Darby  lookouts  to  give  them  the  weather  forecast — Deer  Moun- 
tain, in  the  Sapphire  Range  on  the  east  side  of  the  Bitterroot 
Valley,  and  Ward  Mountain  over  on  the  west  side  in  the  high,  rug- 
ged Bitterroot  Range.  The  two  lookouts  wrote  the  forecast  in 
their  logs.  Then  Boesch  got  a  weather  check  with  them. 

"Scattered  cumulus  in  the  southwest,"  Deer  Mountain  said. 

"Yeah,  looks  like  we're  going  to  get  that  storm  all  right,"  Ward 
Mountain  agreed. 

FURTHER  PREPARATION  FOR  THE  BUST 

The  forest  dispatcher  called  Darby.  "The  patrol  plane  will  take 
off  from  the  Hamilton  airport  at  1000,"  Smith  said.  "They'll  be 
flying  Flight  B,  down  Darby's  west  side,  through  the  West  Fork 
District,  over  into  Idaho  for  a  look  at  the  Magruder  and  Salmon 
River  country,  back  over  into  the  Sula  District,  over  Darby's  east 
side,  then  both  sides  of  the  Stevensville  District.  Pass  the  word  to 
the  other  districts." 

As  Boesch  gave  this  information  to  the  districts  that  lay  south 
of  him,  he  also  checked  with  them  on  the  manpower  they  had  avail- 
able that  day.  They  were  accustomed  to  swapping  forces  back  and 
forth  in  the  kind  of  bust  that  was  now  shaping  up. 

It  was  now  0930. 

The  crews  began  checking  in  via  radio.  Boesch  gave  each  one 
the  weather  forecast  and  told  them  to  be  sure  and  check  in  again 
at  1030. 

At  1000  Deer  Mountain  called.  "Those  clouds  are  really  build- 
ing up,"  he  said.  "That  storm  is  on  the  way." 

Calling  Ward  Mountain,  Boesch  got  much  the  same  report. 
Then  he  called  Smith.  "Tom,  how  are  you  doing  with  recruiting 
your  boomer  crew?" 

"Have  six  of  them  standing  by  here.  Can  probably  get  four  or 
five  more  within  an  hour  or  so." 

"Better  send  what  you  have  here  for  standby,"  Boesch  told 
Smith. 

"Will  do,"  Smith  agreed,  "one  of  them  has  a  car.  They'll  ride  up 
in  that.  And,  Mark,  I  checked  with  Fite.  He  has  plenty  of  jumpers 
available.  In  addition  there  are  100  Blister  Rust  men  available  on 
the  St.  Joe  Forest.  Don't  hesitate  to  call  on  them.  I've  notified 
Vern  Hamre,  v/ho  is  at  Stevensville,  of  what's  shaping  up." 

"10-4,"  Boesch  said.  Hamre  was  the  fire  control  staff  officer. 
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It  is  17  miles  from  Hamilton  to  Darby.  Those  six  men  would  be 
at  the  district  headquarters  within  30  minutes. 

Boesch  was  looking  out  the  front  door  toward  the  southwest, 
seeing  the  angry-looking  cumulo-nimbus  himself  now,  when  the 
boomer  crew  pulled  into  the  station.  About  the  same  time  the 
brush  crew  was  calling  from  Lick  Creek.  Boesch  stepped  over  to 
the  radio. 

**Bring  your  crew  in,  Clarence,"  Boesch  told  foreman  Lindquist. 
''We'll  be  getting  lightning  soon." 

He  got  the  verification  of  that  when  he  heard  one  of  the  West 
Fork  District  lookouts  calling  his  headquarters,  reporting  light- 
ning on  the  southern  edge  of  that  district. 

"Not  much  rain  with  it,  either,"  he  heard  the  lookout  say 
grimly.  **But,  it  looks  like  Darby  will  get  the  worst  of  this  one." 

From  then  on  the  radio  stayed  busy,  with  Boesch  glued  to  the 
fire  desk.  Ranger  Foskette  called  from  the  Smith  ranch,  was  ap- 
prised of  the  situation,  and  said  he  would  start  back  for  head- 
quarters at  once.  The  East  Side  trail  crew  checked  in,  and  Boesch 
told  them  to  stay  in  contact  with  Deer  Mountain  for  possible  fire 
duty.  The  Tin  Cup  crew  called  and  was  told  to  check  in  again  at 
1100,  and  every  half  hour  after  that.  The  patrol  plane  checked  in 
from  over  on  the  west  side,  one  of  their  routine  15-minute  checks, 
this  being  a  safety  factor.  The  observer  gave  Boesch  their  loca- 
tion, then  called  Smith.  Boesch  heard  the  observer  tell  the  forest 
dispatcher  that  they  would  not  be  able  to  make  their  scheduled 
patrol  because  of  the  menacing  storm.  Smith  ordered  the  observer 
to  keep  a  watch  on  the  route  of  the  storm  and  to  continue  checking 
in  regularly  with  the  district  dispatchers. 

It  was  1100.  Deer  Mountain  called  to  report  that  the  storm  had 
entered  into  Darby  District  and  was  putting  down  lightning  at 
the  head  of  Trapper  Creek  on  the  west  side  of  the  valley. 

Boesch  now  had  available  at  his  headquarters  station  the  six- 
man  boomer  crew  of  Smith's,  the  five-man  brush  crew,  the  assist- 
ant ranger  and  his  helper,  the  headquarters  guard,  the  station 
fireman,  and  the  packer-truckdriver.  The  storm  was  now  moving 
along  the  west  side  of  the  district,  lightning  plastering  the  head  of 
Trapper  Creek,  then  moving  north  to  hit  sections  of  Chaffin,  Tin 
Cup,  and  Rock  Creek.  But,  as  it  neared  the  deep  drainage  of  Lost 
Horse  Creek,  it  veered  eastward,  crossing  the  wide  Bitterroot  Val- 
ley where  it  started  a  barn  on  fire,  killed  two  cows  in  a  field,  then 
started  plastering  the  forest  again  in  Sleeping  Child  Creek,  from 
where  it  moved  northeast  across  the  Skalkaho  drainage  and  fin- 
ally passed  out  of  the  district  over  the  head  of  Gird  Creek.  All  the 
while  the  forest  patrol  plane  flew  near  the  storm,  watching  the 
areas  of  hot  lightning  concentration. 

Even  before  the  storm  passed  out  of  the  district,  about  half  an 
hour  after  it  first  arrived.  Deer  Mountain  was  calling  in  the  first 
fire  location. 

MEN  AND  PLANES  DISPATCHED 

The  fire  was  at  the  head  of  Tin  Cup  Creek,  one  of  the  worst 
areas  on  the  district.  Dispatcher  Boesch  was  glad  now  of  having 
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that  crew  in  Tin  Cup.  Almost  immediately  he  was  able  to  contact 
them  by  radio.  He  gave  Alternate  Henderson  the  fire  location,  and 
they  agreed  that  four  of  the  seven  trail  men  had  better  get  started 
for  it.  They  were  all  set  to  go,  having  fire  packs  in  their  camp. 
With  a  3-mile  hike  ahead  of  them,  they  should  be  able  to  hit  the 
fire  within  2  hours. 

Boesch  contacted  the  patrol  plane  and  asked  him  to  swing  over 
the  Tin  Cup  fire.  He  would  be  there  in  about  5  minutes,  and  after 
a  good  look  at  it  would  be  able  to  give  the  dispatcher  a  better  idea 
of  its  potentialities.  Boesch  might  have  all  of  that  Tin  Cup  crew  on 
this  fire  before  it  was  over  with.  But  he  couldn't  sacrifice  too 
much  of  his  manpower  on  the  first  fire. 

It  was  1130.  Ward  Mountain  now  called  in.  He  had  a  fire  over 
near  Bald  Top  Mountain  on  the  east  side  of  the  valley  in  the 
Sleeping  Child  drainage.  "Looks  bad,"  he  said.  ''Spreading  fast." 

He  reported  the  smoke  as  being  white,  with  a  heavy  volume. 
Having  the  location  of  it  plotted  on  his  board,  Boesch  saw  that  it 
was  burning  in  an  open  area  near  Bald  Top.  Lots  of  grass  in  there 
and  down  lodgepole.  Likely  that  was  the  cause  of  its  fast  spread. 

'This  is  one  for  you,  Clarence,"  Boesch  said  to  the  brush  crew 
foreman.  He  didn't  send  all  of  Lindquist's  crew  with  him.  Those 
brush  men  were  all  skilled  fire  fighters  and  could  act  as  straw- 
bosses  on  project  fires.  He  let  Lindquist  take  one  of  those  with 
him,  then  gave  himi  three  of  Smith's  boomer  crew — good  men,  but 
a  little  less  experienced  than  the  regular  crew  men. 

"I'm  going  to  put  in  an  order  for  smokejumpers  on  that  one, 
too,"  Boesch  told  Lindquist.  "Be  sure  and  take  a  radio  with  you." 

The  headquarters  guard  would  get  them  outfitted  with  what 
they  needed.  Boesch  stayed  at  the  fire  desk.  He  now  called  the 
forest  dispatcher.  He  had  quickly  made  out  a  smoke  jumper  request 
form,  and  he  gave  Smith  the  necessary  information  for  relay  on 
to  the  regional  office.  That  fire  was  already  close  to  a  half  acre, 
so  he  ordered  eight  jumpers,  a  Ford  Tri-Motor  load. 

"Wind's  kicking  up,"  Smith  told  him.  "They  might  not  be  able  to 
jump." 

"I  know,"  Boesch  said,  "But,  I've  got  a  five-man  ground  crew  on 
the  way." 

Smith  agreed  that  was  a  good  idea — the  old  insurance  business. 
Then  he  told  Boesch  he  had  four  more  of  his  boomer  crew  who 
would  soon  be  ready  to  start  for  Darby.  He  would  keep  recruiting. 
West  Fork  now  had  two  fires  going,  even  though  they'd  had  less 
lightning  than  Darby. 

INTERDISTRICT  TEAMWORK 

Then  the  Sula  District  dispatcher  was  calling.  He'd  pulled  his 
brush  crew  in— wanted  to  know  if  Darby  wanted  the  five  men. 
"Send  them  right  away,"  Boesch  said,  "and  thanks,  Terry." 
The  patrol  plane  was  calling  Darby  now.  He  hadn't  made  it  to 
that  Tin  Cup  fire  yet.  Instead,  the  observer  had  spotted  another 
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fire  just  above  Lake  Como  in  the  Rock  Creek  drainage.  This  one, 
too,  looked  bad.  Boesch  knew  that  country  well.  He  knew  it  was 
steep  as  a  cow's  face  there.  The  fire  was  burning  about  half  way 
up  the  slope.  If  it  reached  the  top  it  would  have  bad  fuels  and 
would  spread  all  over  the  country.  Wasn't  doing  much  yet,  for 
the  fuels  were  light  where  it  had  started.  Just  one  snag  burning. 
But  the  wind  was  throwing  sparks  from  that  snag.  And  when  it 
fell,  the  burning  tree  would  likely  roll  down  to  the  creek  bottom 
where  there  were  more  bad  fuels. 

Boesch  called  Smith.  He  asked  if  the  rest  of  that  boomer  crew 
had  got  started  for  Darby. 

"No,"  Smith  said,  **but  they're  ready  to  leave  now.  Got  five  of 
them  with  their  own  transportation." 

This  was  good  news.  Boesch  asked  Smith  to  tell  the  men  not  to 
come  to  Darby,  but  instead  to  wait  at  the  Lake  Como  road  for  the 
crew  he  was  sending  from  Darby.  They  would  go  to  the  fire  up 
Rock  Creek. 

Ward  Mountain  called  then.  He  could  see  the  Rock  Creek  fire 
throwing  up  smoke  now — couldn't  see  it  before  because  of  a  high 
ridge  that  shut  him  off.  That  one  was  beginning  to  spot,  Boesch 
knew.  Then  he  had  Ward  Mountain  give  him  a  report  on  the  Bald 
Top  fire. 

"Doesn't  seem  to  be  spreading  so  fast  now,"  was  the  word. 

Boesch  told  him  to  watch  for  that  jumper  plane.  Probably,  he 
thought,  the  fire  had  made  its  initial  run  through  the  grass.  But 
there  was  a  lot  of  down  lodgepole  in  the  area.  It  would  need  a 
chain  saw.  He  made  a  note  of  that. 

Rock  Creek  was  one  for  the  assistant  ranger,  Bernie  Swift. 
Boesch  gave  him  two  of  Smith's  boomer  crew,  one  of  whom  was  of 
strawboss  caliber.  Then  Swift  left,  taking  a  handi-talkie,  extra 
loose  tools — enough  to  give  each  man  a  pulaski  and  shovel — and 
smokechaser  rations. 

"I'll  get  the  rest  of  the  stuff  you'll  need  in  to  you,  Bernie," 
Boesch  said  as  the  assistant  went  out  the  door,  "one  way  or  an- 
other." 

A  HELICOPTER  JOINS  THE  FIGHT 

The  forest  dispatcher  was  calling  on  the  radio. 

"Mark,  what  about  the  helicopter  at  Missoula?  Possibly  you  can 
use  it  to  stop  the  head  of  that  Rock  Creek  fire." 

"Fine,  Tom,"  Boesch  said  happily.  "We  can  sure  use  it.  Have  the 
pilot  set  down  here  at  Darby." 

"Will  do,"  Smith  said. 

The  headquarters  guard  went  out  to  the  wide  area  back  of  the 
ranger  station  to  mark  a  set-down  spot  for  the  'copter.  This  was 
not  the  first  time  the  'copter  had  been  called  for  this  kind  of  duty. 

Now,  the  patrol  plane  was  calling.  There  were  two  fires  up  Tin 
Cup.  One  of  them,  the  one  Deer  Mountain  had  seen,  was  on  a  ridge 
top.  It  wasn't  as  much  of  a  threat  as  one  lower  down,  about  a  mile 
away.  This  one  was  beginning  to  spread  in  bad  fuels. 
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"Swing  down  the  canyon  over  the  trail  camp,"  Boesch  ordered 
the  observer.  "Henderson  will  get  on  the  radio.  Give  him  that 
dope,  and  ask  him  to  take  the  rest  of  his  crew  up  there." 

"10-4,"  came  the  acknowledgment.  Then  the  observer  added,  "I 
tossed  out  some  of  Tom's  pink  toilet  paper  to  mark  those  fires." 

"Good  dope,"  Boesch  said,  and  smiled.  But  humorous  or  not,  he 
knew  the  value  of  this.  This  scheme  worked  wonderfully  in  help- 
ing ground  men  find  a  fire.  The  pink  color  of  the  toilet  paper 
could  be  seen  a  long  distance  as  it  unraveled  itself  earthward.  And 
it  marked  an  area  v^ell  as  it  spread  out  over  the  trees  and  rocks. 

Having  a  minute,  Boesch  called  both  restaurants  in  town  and 
asked  them  to  start  making  double  lunches. 

Now,  Medicine  Point,  one  of  the  Sula  District  lookouts,  was  call- 
ing Darby.  He  had  just  picked  up  a  fire  in  Chaff  in  Creek.  Just  one 
snag  burning.  Boesch  plotted  its  location  quickly  on  his  board — 
about  a  mile  from  the  end  of  the  road.  Two  good  smokechasers 
could  get  there  within  an  hour.  He  sent  one  man  from  Smith's 
boomer  crew,  plus  one  of  the  brush  crew  men.  He  decided  not  to 
send  a  radio  with  them.  They  could  use  the  streamers  in  their 
smokechaser  packs  for  signaling  the  plane  if  they  needed  any- 
thing. Ordinarily  they  would  take  a  radio,  but  this  one  looked 
fairly  easy,  and  Boesch  wanted  to  hold  a  radio  or  two  in  reserve 
for  higher  priority. 

Ranger  Foskette  came  in  just  as  Deer  Mountain  was  reporting 
another  fire.  This  one  was  in  the  head  of  Sleeping  Child,  near 
Coyote  Meadows.  This  was  high  lodgepole  country.  The  fire 
wasn't  doing  much,  but  it  could.  Plotting  its  location,  Boesch  saw 
it  was  not  more  than  a  mile  from  the  East  Side  trail  crew's  loca- 
tion. He  gave  them  orders  through  Deer  Mountain  to  proceed  to 
the  fire.  They  had  smokechaser  packs  with  them,  plus  their  radio. 
In  about  half-an-hour  he  would  know  the  story  on  that  one. 

Ranger  Foskette  was  busy  reading  the  log  the  office  clerk  had 
been  keeping  as  Boesch  was  busy  working  the  fires.  Darby  now 
had  six  fires  going,  but  also  had  men  on  the  way  to  all  of  them. 

"That  Rock  Creek  fire  worries  me,"  the  ranger  said.  "Maybe  I'd 
better  head  up  there." 

"The  'copter  will  be  here  shortly,  Red,"  Boesch  told  his  ranger. 
"Why  don't  you  use  it  to  scout?" 

"Good  idea,"  Foskette  said.  "I'll  go  over,  grab  a  quick  lunch, 
then  be  all  set." 

The  headquarters  guard  was  busy.  He  had  detailed  several  of 
the  men  standing  by  for  fire  duty  to  begin  making  up  more  smoke- 
chaser packs.  Boesch  could  now  hear  the  patrol  plane  talking  to 
Alternate  Henderson,  giving  him  the  word  about  the  two  Tin  Cup 
fires.  He  heard  Henderson  10-4  on  taking  the  rest  of  the  men  up 
there,  then  get  promptly  off  the  air.  Boesch  got  on  the  radio  and 
asked  the  plane  to  swing  over  for  another  look  at  Rock  Creek. 

Nov/,  Ward  Mountain  was  on  the  air,  calling  in  another  fire, 
this  one  up  Skalkaho.  It  was  close  to  the  Tenderfoot  logging  road. 
A  bad  area — logging  slash  in  there,  and  open  yellow  pine  country, 
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the  fire  burning  on  a  south  slope.  It  was  beginning  to  spread.  This 
was  one  for  Bill  Helm,  the  headquarters  guard,  a  man  with  lots  of 
fire  experience.  Before  dispatching  him,  Boesch  checked  with 
Smith  to  see  if  he'd  been  able  to  recruit  any  more  men. 

''I've  got  two  here,"  Smith  said.  ''But,  I've  also  got  Stevens- 
ville's  five-man  brush  crew  coming.  Figured  you  would  need  them. 
They  should  be  here  at  Hamilton  in  about  10  minutes." 

"That's  fine,  Tom.  Send  those  seven  men  out  to  the  Skalkaho 
road  turnoff .  Bill  Helm  will  meet  them  there  with  the  necessary 
tools." 

Stevensville  was  the  district  north  of  Hamilton.  Smith,  as  forest 
dispatcher,  was  doing  his  job  of  coordinating  the  Bitterroot  Forest 
forces,  helping  to  cope  with  this  threat  on  the  Darby  District. 

Boesch  sent  two  of  the  experienced  Sula  men  with  Helm,  along 
with  a  ten-man  loose  tool  outfit,  and  had  them  stop  at  one  of  the 
restaurants  to  pick  up  ten  double  lunches.  They  could  eat  part  of 
those  lunches  on  the  way  to  the  fire.  Helm  also  grabbed  a  chain 
saw,  one  of  his  favorite  weapons. 

It  was  1230.  Darby  now  had  seven  fires  going. 

Ward  Mountain  called.  The  jumper  plane  was  over  the  Bald  Top 
fire.  Rock  Creek  was  kicking  up  more  smoke.  Boesch  called  one  of 
the  sawmills.  He  spoke  to  the  foreman  who  promised  to  have  a 
ten-man  crew  ready  for  instant  use  when  needed.  Another  sawmill 
promised  the  same.  Both  crews  would  have  their  own  overhead. 

Now,  the  patrol  plane  called.  He  couldn't  get  on  the  air  earlier 
because  of  the  traffic.  He  had  scouted  that  Rock  Creek  fire  care- 
fully. The  snag  had  fallen  and  rolled  nearly  a  quarter  of  a  mile 
downhill,  setting  spot  fires  along  the  way. 

"You've  got  about  six  different  fires  burning  there  now,"  the 
observer  reported.  "Some  are  still  spots.  But  two  of  them  are 
spreading  out.  That  country's  mighty  steep.  No  chance  for  jump- 
ers." The  observer  should  know.  He  was  an  exsmokejumper. 

Now,  Smith  was  calling  from  Hamilton.  He'd  talked  to  the  Ford 
Tri-Motor  that  was  circling  Bald  Top.  Too  much  wind  up  there  at 
the  present  time.  They  couldn't  risk  letting  the  men  drop  to  that 
one. 

There  were  eight  good  fire  fighters  in  that  plane.  Boesch 
wanted  to  get  them  into  action.  "Ask  them  to  swing  over  Tin 
Cup,"  he  said  to  Smith.  "Maybe  they  can  jump  on  the  lower  fire. 
We'll  have  trouble  there  if  it  starts  to  crown." 

"Will  do,"  Smit;h  said. 

Then  Boesch  called  the  patrol  plane.  "Go  over  and  have  a  look  at 
Bald  Top.  Find  where  that  ground  crew  is,  and  see  if  they'll  be 
able  to  handle  it." 

"10-4." 

COOPERATORS  CALLED  IN 

It  was  1245. 

Would  there  be  any  more  fires  showing  up  ?  Boesch  thought  so. 
That's  why  he  had  held  smokechasers  in  reserve.  And  he  still  had 
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cooperators  to  call  on — individuals  he  had  alerted  earlier.  Ranger 
Foskette  was  back  from  lunch.  He  got  a  refresher  from  the  log, 
then  went  out  to  where  the  helicopter  was  setting  down,  taking  a 
radio  with  him. 

Boesch  was  on  the  phone  again,  calling  one  of  the  dude  packers, 
Jack  Lykins,  and  asking  him  to  load  his  mules  and  take  them  to 
Lake  Como  to  where  the  trail  took  off  for  Rock  Creek.  He  made 
several  other  calls.  These  to  other  cooperators — men  who  owned 
boats  with  outboard  motors.  He  asked  them  to  get  their  boats  and 
motors  to  Lake  Como  right  away.  In  15  minutes  they  could  make  a 
trip  from  one  end  of  the  lake  to  the  other,  saving  Lykins  5  miles 
of  packing.  Then  he  had  the  packer-truckdriver  take  several  men 
to  help  him  load  one  of  the  25-man  outfits  onto  the  truck.  He 
w^ould  haul  it  to  Lake  Como  and  the  stuff  would  be  loaded  onto  the 
boats,  then  taken  up  to  where  Lykins  could  start  packing.  Bernie 
Swift  and  his  men  had  been  able  to  take  a  short  cut  around  the 
rugged  side  of  the  lake.  But  there  was  no  short  cut  for  the  mule 
string.  They  would  have  to  use  the  good  trail  around  the  far  side 
of  the  lake.  But  once  at  the  head  of  the  lake  they  would  only  have 
to  pack  that  25-man  outfit  a  mile  or  so  to  where  it  was  needed. 

The  patrol  plane  called  then  to  say  that  the  ground  crew  was 
about  15  minutes  away  from  the  Bald  Top  fire,  and  it  looked  like 
they  could  handle  it.  It  was  just  about  one-half  acre  in  size. 

Boesch  told  the  plane  to  go  look  at  the  fire  near  Coyote  Mea- 
dows, then  swing  over  for  a  look  at  Skalkaho.  But  just  then  the 
trail  crew  called  from  Coyote  Meadows,  saying  they  had  just  got 
there  and  could  handle  the  fire. 

That  was  one  of  them,  anyway,  Boesch  thought.  He  called 
Medicine  Point  to  see  how  Chaffin  Creek  was  doing.  Still  that  one 
snag  smoking.  Those  two  smokechasers  should  just  about  be  there, 
Boesch  thought.  When  there  was  time,  he  would  have  the  patrol 
plane  swing  over  for  a  look  at  it. 

The  patrol  plane  was  calling  again.  Another  fire,  this  one  in 
Little  Sleeping  Child  Creek.  It  wasn't  more  than  a  mile  from  the 
Patterson  Ranch.  Al  Patterson  was  a  per  diem  guard  and  had  a 
tool  cache.  Quickly  Boesch  called  him  and  gave  him  the  necessary 
information  on  the  fire. 

*'You  can  grab  your  tools  and  get  started  for  that  one,  Pat," 
Boesch  told  the  per  diem  guard.  ^Tll  call  the  Lovely  boys  and  have 
them  come  up  to  give  you  a  hand." 

The  Lovely  brothers  had  a  ranch  about  a  mile  below  Patter- 
son's. They'd  been  alerted  earlier  that  morning  and  were  standing 
by.  Now  they  loaded  two  saddle  horses  onto  their  stock  truck  and 
in  a  few  minutes  were  on  the  way.  That  fire  would  be  manned  by 
three  capable  cooperators  in  less  than  an  hour.  They  were  trained 
men  who  could  put  the  fire  out  and  return  home  without  further 
instructions. 

Ranger  Foskette  was  now  calling  on  the  radio.  It  was  only  20 
minutes  since  he  had  walked  out  of  the  office,  but  already  the  heli- 
copter had  set  him  down  on  a  large  flat  rock  above  those  Rock 
Creek  fires. 
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"Going  to  need  about  ten  men  up  here,  Mark,"  Foskette  told  his 
dispatcher.  *T\e  sent  the  'copter  back  to  start  ferrying  them  in. 
With  luck  we  can  handle  this  situation.  I've  just  talked  with 
Bernie  below  me.  He's  been  trying  to  get  out  to  you,  but  he  must 
be  boxed  in.  He's  putting  his  men  on  the  fires  below.  This  is  goat 
country.  Worst  fuel  is  up  here  on  top.  But  I  think  we  can  keep 
those  fires  from  getting  up  this  high." 

"Will  it  be  safe  working  up  there,  Red?"  Boesch  asked. 

"Yeah,  it's  okay,"  Foskette  said.  "Fuels  are  scattered  there  be- 
low us.  Worst  danger  is  for  Bernie  and  his  boys,  from  rolling 
rocks.  I've  warned  him  about  them." 

Now,  Smith  was  calling  from  Hamilton.  He'd  just  heard  from 
the  jumper  plane  over  Tin  Cup.  Wind  was  a  lot  better  there.  They 
could  put  all  eight  of  those  jumpers  on  the  lower  fire. 

"The  spotter  says  it  looks  like  they  can  use  them  down  there, 
too,"  Smith  told  Boesch.  "That  lower  fire  is  a  couple  acres  and 
wanting  to  go.  The  upper  fire  is  maybe  a  quarter  of  an  acre,  and 
is  burning  down  slope.  About  four  men  can  hold  it." 

That  tricky  wind,  Boesch  thought.  It  was  true  of  a  lot  of  those 
rugged  west  side  canyons.  Normally,  fires  burned  a  lot  faster 
upslope  this  time  of  day,  but  in  places  like  Tin  Cup,  the  wind 
could  really  fool  you.  He  gave  Smith  a  quick  go-ahead  on  putting 
the  jumpers  in.  Good  to  get  those  huskies  into  action. 

Now,  the  patrol  plane  was  calling  from  Skalkaho. 

"This  fire  is  spreading  pretty  fast,"  Boesch  was  told.  "It's  in 
that  yellow  pine  now.  Must  be  3  acres  anyway.  Looks  like  you'll 
need  some  followup." 

"Can  you  see  anything  of  Helm  and  his  crew?"  Boesch  asked. 

"Yeah,  they're  on  the  road.  They've  got  about  a  mile  to  go  yet. 
Should  be  on  the  fire  in  20  minutes. 

Boesch  cleared,  then  got  busy.  He  called  one  of  the  sawmills  and 
got  their  ten-man  crew  headed  for  the  ranger  station.  They  would 
be  there  in  10  minutes.  Then  he  called  another  mill  and  got  their 
ten-man  crew  headed  for  the  station.  They'd  be  there  shortly,  too. 
One  of  these  he  would  put  on  Rock  Creek  via  helicopter.  The 
other  would  go  as  reinforcements  to  Skalkaho. 

Skalkaho  was  a  dozer  chance,  too.  He  got  one  from  a  logger, 
working  about  5  miles  away.  He  could  walk  his  dozer  up  the  Tend- 
erfoot road.  He  got  another  dozer  from  another  logger,  then  called 
the  County  road  department  for  their  transport  to  haul  it.  Both 
dozers  would  be  on  the  fire  in  2  to  3  hours. 

The  packer-truckdriver  was  back  from  Lake  Como  now.  The 
other  25-man  outfit  was  loaded  onto  his  truck,  and  he  was  soon  off 
for  Skalkaho. 

"MOVE  UP"  OF  FORCES  PAYS  OFF 

Boesch  still  had  seven  good  smokechasers  and  fire  fighters  left 
at  his  headquarters.  Past  experience  had  taught  him  that  this 
was  necessary.  The  day  wasn't  over  yet.  There  would  likely  be 


FIRE  CONTROL  NOTES  179 

more  fires  showing  up.  And  there  was  lots  of  work  for  those  men 
right  here  at  headquarters,  keeping  stuff  moving,  and  running  the 
numerous  errands. 

And  so  it  went,  with  two  more  fires  picked  up  later  that  after- 
noon, one  by  the  patrol  plane,  the  other  by  one  of  the  lookouts.  One 
of  these  fires  was  in  remote  back  country.  Boesch  used  two 
jumpers  on  that  one,  getting  them  on  the  fire  within  an  hour  and 
a  half  of  the  call,  whereas  it  would  have  taken  ground  men  6  to  8 
hours  to  get  there.  The  other  fire  was  closer  in  and  Boesch  put 
four  of  the  seven  reserves  on  it. 

By  nightfall  every  fire  on  the  Darby  District  was  manned.  Sev- 
eral were  under  control.  Skalkaho  was  5  acres,  but  Helm  was  sure 
he  would  have  it  under  control  by  the  10  o'clock  deadline  the  next 
morning.  Those  two  dozers  had  saved  his  men  a  lot  of  tough  line 
building.  Boesch  had  ordered  a  drop  of  tools,  grub,  and  beds  for 
the  Tin  Cup  men.  Henderson  had  the  drop  site  marked.  Among 
other  things,  he'd  had  them  drop  a  pump  with  4,000  feet  of  hose. 
The  pump  with  500  feet  of  hose  could  be  used  on  the  lower  fire 
which  was  near  the  creek.  The  rest  of  the  hose  was  used  on  the 
upper  fire.  Avery  Hughes,  one  of  the  trail  crew  men,  had  worked 
out  an  ingenious  system  of  gravity  feed  from  a  water  source  high 
up  in  the  goat  rocks.  No  pump  was  needed.  All  they  had  to  do 
was  start  that  water  from  the  pot  hole  into  the  hose  which  ran 
down  the  steep  hill.  That  gave  them  plenty  of  pressure.  It  was  a 
system  the  Darby  District  had  been  using  with  great  success  for 
several  years  now.  Henderson  expected  to  have  his  Tin  Cup  fires 
controlled  by  the  10  o'clock  deadline,  too. 

Rock  Creek  was  six  small  fires  spread  out  over  a  steep  slope, 
the  largest  just  under  an  acre  in  size.  The  'copter  had  put  all  ten 
of  the  mill  crew  up  there  to  help  Ranger  Foskette.  He  and  his  as- 
sistant working  below  had  the  situation  under  control.  Lindquist 
and  his  crew  held  the  Bald  Top  fire  to  an  acre.  The  threat  of  pro- 
ject fires  was  over.  Ten  fires  from  one  storm  were  held  down  to 
six  Class  A  and  four  Class  B. 

Darby  District,  thanks  to  good  beforehand  thinking  and  pre- 
paredness, with  the  dispatcher  using  his  meter  to  estimate  rate  of 
spread  for  slope  exposure  and  fuels,  which  gave  him  a  good  idea 
of  manpower  and  equipment  needs,  plus  willing  and  able  coopera- 
tors,  and  good  teamwork  on  the  part  of  forest  and  district  head- 
quarters, had  again  come  through  a  tough  situation,  keeping  the 
small  ones  from  becoming  big  ones. 
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Vegetation  eradicators,  effect  on  flammability Jan 29 

Walker,  James  H. 

Western  Oregon  forest  land  zoned  for  closing  down 

logging  during  periods  of  high  fire  danger Jan 25 

Ward,  E.  J. 

The  effect  of  certain  vegetation  eradicators  on  the 

flammability  of  various  materials Jan 29 

Warden,   honorary Jan 39 

Washington  combination  pump  truck  and  tractor 

transport    Oct 156 

Washington  State  Division  of  Forestry 

Administrative  pickup  fire  fighting  unit July 120 

Water  rake,  Gordon  Bade July 127 

Weather 

fire   whirlwind   formation Jan 20 

relation  to  rate  of  spread  on  Robie  Creek  Fire Oct 143 

Whirlwind  formation  as  favored  by  topography  and 

upper  winds Jan.   20 

Whitmore,  John  D. 

Protect    tool    handles    from    powder-post   beetle 

damage  July 102 

Williamson,  L.  Don 

Template  aids  inspection  and  maintenance  of  3l^ 

pound  double-bit  axes  and  pulaski  tools July 110 

Winds,  upper,  effect  on  fire  whirlwind  formation Jan 20 

Wood,  W.  C. 

Honeycomb  paper  for  protection  of  air  cargo Oct.  158 
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name,  position,  and  unit. 
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in  the  body  of  the  article,  but  should  be  stated  in  the  letter  of  trans- 
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lettered  so  as  to  permit  reduction.  In  mailing,  illustrations  should  be 
placed  between  cardboards  held  together  with  rubber  bands.  Paper 
clips  should  never  be  used. 

When  Forest  Service  photographs  are  submitted,  the  negative  num- 
ber should  be  indicated  with  the  legend  to  aid  in  later  identification 
of  the  illustrations.  When  pictures  do  not  carry  Forest  Service  num- 
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India  ink  line  drawings  will  reproduce  properly,  but  no  prints 
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